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ABSTRACT 
Nutrition and Feeding Behavior of Goats and Sheep Grazing 
Deciduous Shrub-Woodland in Northeastern Brazil 
by 
James Alan Pfister, Doctor of Philosophy 
Utah State University, 1983 
Major Professor: Dr. John c. Malechek 
Department: Range Science 
xi 
Production of sheep and goats in the Brazilian Northeast is impor-
tant fo r the livelihood of both subsistence and market-oriented 
producers. Seasonal nutritional stress oh animals in the caatinga 
vegetational zone of this region causes periodic high mortality and 
chronically low productivity. Under such conditions, the survivability 
of goats has been higher than for other domestic livestock. Possible 
reasons for this include unique aspects of dietary selection and goat 
feeding behavior. The objectives of this research were to seasonally 
determine the botanical and nutritive content of goat and sheep diets, 
to determine forage intake by grazing goats and sheep, and to compare 
their feeding behavior. 
Dietary selections by sheep and goats were similar during the dry 
season, but diverged markedly during the wet season. Leaf litter from 
the deciduous trees was the major dietary component for both species 
during the dry season, and provided the bulk of dry season forage. 
xii 
Current hypotheses predict that goats select diets of higher nutri-
tional quality and have a greater forage intake than do sheep. Goats 
selected diets significantly (P<.05) higher in crude protein, equal 
(P>.05) in cell wall content, and lower (P<.05) in digestibility than 
did sheep. Voluntary intake was significantly (P<.05) greater for sheep 
than for goats. This study did not support such hypotheses. 
Goats and sheep used feeding stations similarly during the dry 
season. Feeding stations are grazing sites where animals pause to eat 
(measured in seconds of duration). However, differen~es emerged during 
the wet season. Goats increased (P<.05) their time spent grazing per 
feeding station as the forage grew in stature and matured, while sheep 
showed no increase. 
This study confirmed the vertical stratification of foraging by 
goats and sheep. Sheep foraged more in lower vertical strata than did 
goats. Goa ts spent about 4% of their grazing time in a bipedal stance, 
while sheep virtually never used a bipedal stance to feed. In addition, 
no nutritional advantage was found for goats over sheep through use of a 
bipedal stance. This latter finding is constrained by the deciduous 
nature of the caatinga woodland during the dry season. 
(142 pages) 
INTRODUCTION 
· There has been a growing realization in recent years of the 
important role goats and sheep play in food and fiber production in 
underdeveloped tropical areas of the world (Devendra 1974, 1981; 
Fitzhugh 1981, Malechek and Provenza 1983). A recent FAO (1980) survey 
indicated that worldwide, about 40% of the sheep and 75% of the goats 
are produced in less-developed countries (LDC), often under tropical or 
subtropical conditions. 
Small ruminants have several desirable characteristics that favor 
their production in LDC's: 1) they have low investment and maintenance 
costs, especially for land and labor; 2) small land holders can produce 
these animals; they integrate well with crops, and are able to subsist 
on marginal lands; 3) there are reduced risks from disease and predation 
associated with the production of these animals, because of the smaller 
capital investment per head as compared to cattle; 4) they produce meat, 
milk, fiber, and skins in small and usable quantities. 
Livestock, particularly sheep and goats, are the economical mainstay 
of the drought-plagued inland region of northeastern Brazil (Gonzales 
Padilla 1980). In this semi-arid tropical region there are about 6 
million hair (woolless) sheep and 9 million goats, comprising 30% and 
92% of Brazil's total sheep and goat populations, respectively (Anuario 
Estatistico do Brasil 1981 ). In Ceara' state, most producers have 
cattle, sheep, and goats in a mixed cropping system (Gutierrez et al. 
1981). These animals are dependent on rangelands for grazing during 
much of the year (Pfister et al. 1983). 
2 
Nutritional stress on the animals during the dry season or during 
extended droughts results in high animal mortality (EMBRAPA 1980). 
Animal productivity is chronically low. Gonzales Padilla (1980) 
estimated that in the semi-arid caatinga vegetational zone, goats and 
sheep produce about 1.7 kg of meat per head per year, comprising about 
10% of the total yearly meat production in this region. In contrast, 
U.S. sheep and goats produce about 12 kg of meat per head per year 
(Ensminger 1970). 
Mahadevan (1982) stated that the most serious livestock production 
problem of Latin America is the gap between development of appropriate 
technology and its on-farm application. He also identified limited 
resource producers as the major target and beneficiaries of techno-
logical developments. To address the research needs of small ruminants 
produced by landholders with limited resources living in developing 
regions, the U.S. Congress in 1975 created the Small Ruminant Collabora-
tive Research Support Program (SR-CRSP), sponsored by the U.S. Agency 
for International Development. Utah State University was awarded a 
subgrant to conduct research in range science in Brazil. The collabor-
ating Brazilian agency was Empresa Brasileira de Pesquisa Agropecuaria 
(EMBRAPA). 
The critical role of sheep and goats in production systems, and the 
currently low animal production and high mortality levels are compelling 
reasons for conducting research on sheep and goat nutrition on range-
lands in the Brazilian Northeast. Thus, the objectives of this study 
were threefold: 
1) to seasonally determine the botanical and nutritive content of 
goat and sheep diets. 
3 
2) to determine the average daily forage intake of grazing 
goats and sheep. 
3) to compare the feeding behavior of goats and sheep. 
This dissertation is divided into five separate but interrelated 
chapters. The first three chapters deal with animal nutrition. The 
final two chapters compare aspects of the feeding behavior of goats and 
sheep. Although each chapter is intended to stand alone, they are 
closely related, and some redundancy will be apparent. 
CHAPTER I 
DIETARY SELECTION BY GOATS AND SHEEP GRAZING NATIVE 
CAATINGA WOODLAND IN NORTHEASTERN BRAZIL 
4 
Although the range science literature is replete with studies 
reporting detailed data on dietary selections by cattle and sheep, few 
investigations have examined the diets of goats grazing alone, or in 
common with other livestock species (Malechek and Provenza 1983). Van 
Dyne et al. (1980) catalogued studies of livestock diets in a comprehen-
sive review, and noted 5 and 38 such studies for goats and sheep, 
respectively. Only three studies listed in this paper compared dietary 
selections by goats and sheep grazing together on common ranges. Prior 
to the present study, no work has been done using the recognized 
superior technique of esophageally-fistulated animals to examine the 
diets of either goats or sheep in northeastern Brazil. 
Goats have acquired a reputation for survivability on harsh, 
degraded rangelands (Devendra 1978). This touted survivability may be 
due, in part, to unique dietary selections made by goats (McCammon-
Feldman et al. 1 981 ). Church (1979) and Arnold and Hill (1972) 
indicated that goats had a higher tolerance for bitter substances than 
did sheep. Narjisse (1981) found that goats relied more on taste than 
smell for rejection of certain compounds; conversely sheep relied more 
on smell for discrimination. Thus, differences between goats and sheep 
in dietary selection may be related to differences in gustation and 
olfaction. This may be particularly important in areas where animal 
5 
survival depends on consumption by goats of plan ts acceptable only to 
goats, but unacceptable to sheep (Griego 1977; Wilson 1969, 1977; Wilson 
et al. 1975, 1976). 
French (1970) maintained that high survivability by goats was 
related to their relatively unspecialized feeding habits. Increased 
specialization of the diet implies fewer plant species or parts eaten 
,J 
(McArthur and Pianka 1966). Anecdotal observations have indicated that 
goats use a wider array of plant species in their diets than other 
livestock (French 1970). Wilson et al. (1975) concluded that goats 
appeared to eat a wider range of species than did sheep. 
In contrast to the above, Van Soest (1980, 1982) stated, on 
theoretical grounds, that goats display more specialized feeding habits 
than do sheep. He classified goats and sheep in two ways. Firstly, 
goats are classified as forb- or browse- preferring intermediate 
(between browsers and grazers) feeders, and sheep as grass-preferring 
intermediate feeders. Van Soest's (1982) second classification lists 
goats as intermediate browsers, and sheep as grazers. These classifica-
tions are based on body size (i.e. gastrointestinal capacity), nutrient 
requirements, and feeding strategy. 
Based on the foregoing criteria, Van Soest (1982) stated 
unequivocally that goats are more selective and highly spe c ialized 
feeders than are sheep. The greater specialization or selectivity of 
goats is predicted as part of a compensatory feeding strategy that 
includes a more digestible diet, or a faster rate of passage than larger 
herbivores (Van Soest 1980). A nutritionally-superior diet is necessary 
to offset the limitations of smaller gut size (Demment and Van Soest 
1981 ). Greater discrimination in dietary selection by goats is also 
6 
predicted based on such morphological features as prehensile mouth ~arts 
and greater foraging agility (i.e. use of a bipedal stance) (Van Soest 
1980, 1982; McCammon-Feldman et al. 1981 ). 
Sheep and goats presumably have similar nutrient requirements per 
unit of body weight (Hanley 1 982), and similar gas troin tes tinal 
capacities (McCammon-Feldman et al. 1981 ). Nutrient requirements of 
small herbivores are, however, higher per unit of body weight compared 
to larger ungulates (Demment and Van Soest 1980). Thus, the 
compensatory strategy noted above for goats probably operates in sheep 
as well. However, morphological adaptations found in goats, but lacking 
in sheep, may play a key but undetermined role in such feeding 
strategies. 
The objectives of this study were to determine the botanical 
composition of goat and sheep diets on a seasonal basis, and to evaluate 
the selective feeding strategies of goats and sheep. 
Study Area 
The 40-ha study a rea was situated at the Brazilian National Goat 
Research Center (CNPC) , 10 km from Sobral, Ceara' state, Brazil. Sobral 
is located at 3 .42° south latitude, 40.21° west longitude, at an 
elevation of 63 m. The landscape in the study area is slightly 
undulating. Soils are generally eroded and shallow (45-130 cm), with 
underlying crystalline bedrock (Kirmse et al. 1983). 
Climate 
The climate in this portion of the Northeast is characterized by 
distinct wet and dry seasons. The dry season typically extends from 
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June to December, although periodic droughts may extend the dry season 
to 11 months (Christiansen-Weniger 1977). The unpredictable onset of 
the wet season (Jan.-May) is influenced primarily by the sout"hward 
movement of the Intertropical Convergence Zone (ITCZ), also termed the 
equatorial pressure trough (Trewartha 1981). The wet season is due to a 
weakening of the intense high pressure region over easternmost Brazil, 
thus allowing the southward penetration of the ITCZ, carrying with it 
moisture-laden air. The movement of the ITCZ is very unreliable 
(Trewartha 1981), hence this region is plagued with periodic droughts 
(Freise 1 938). 
The 30-year average precipitation in Sobral, and precipitation for 
1981 and 1982 are given in Figure 1,1. Variability in the annual amount 
of precipitation, as well as the spatial and temporal distribution of 
moisture, is extreme (Freise 1938). The rainfall pattern in 1982 
closely resembled the precipitation for a 40% probability level ('rable 
1.1 ). Precipitation near a 40% probability level means that the rain-
fall can be expected to equal or exceed the monthly value in Table 1.1 
four years out of ten. In general, precipitation in the northeast falls 
into the 40-50% probability range (Hargreaves 1973). Thus, one may 
expect dry or droughty conditions 5 or 6 years out of every 10. 
When precipitation does fall in this semi-arid tropical region, it 
is often of high intensity. Denardin and Freitas (1982) developed 
equations for the average maximum intensity of rainfall (mm), based on 
data from 80 meteorological stations in Brazil, using the equation (1) 
of Schwab et al. (1966): 
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200 
150 
100 
- 50 E 
E 
30 YEAR AVERAGE 
MONTHLY PRECIPITATION 
IN SOBRAL 
759.0mm 
Z 1981 
O 250 MONTHLY DISTRIBUTION OF PRECIPITATION 
1982 
ti 
~ 200 
(.) 
W 150 a:: 
0.. 
100 
50 
649 .Gmm 
538.0mm 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN 
IN SOBRAL ON STUDY SITE 
MONTHS 
Figure 1.1. Monthly ·distribution of precipitation (mm) in Sobral 
and as measured on the study site. 
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Table 1.1. Monthly precipitation (mm) for a 40% probability level, 
based on 43 years of data. 
Month Precipitation 
January ••••••••••• 49.0 
February ••••••••• 120.0 
March •••••••••••• 215.0 
April •••••••••••• 223.0 
May ••••••••••••••• 95.0 
June •••••••••••••• 28.0 
July ............... 4.0 
August ••••••••••••• o.o 
September •••••••••• o.o 
October •••••••••••• 1 .o 
November ••••••••••• 1.0 
December ••••••••••• 4.0 
Adapted from Hargreaves (1973). 
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where: I is the average maximum intensity of precipitation (mm/hr); Tis 
the return time (years), or how often one may expec~ a rainfall event to 
occur; tis the duration of the rainfall event (min.); a, b, c, and d 
are coefficients of adjustment that vary from locale to locale. 
Denard in and Freitas ( 1982) developed the following expression (2) for 
Quixeramo bin, Ceara', a city about 250 km sou th of So bral, based on 29 
years of rainfall data: 
I 
2,847-22 To.3o 
(t + 43)0.97 
(2) 
Using a return time of 1 year and a duration of shower of 60 min., the 
average maximum intensity is 31.7 mm/h~ Changing the shower duration 
to 30 min. gives an average maximum intensity of 44.3 mm/hr. Shower 
durations of 30 to 60 min. for rainfall events are reasonable based on 
my experience in this area. 
Temperatures in this area are generally hot, exceeding 32°c 
virtually every day. There is little seasonal variation, although 
readings are somewhat cooler during the months of the rainy season 
( Figure 1.2). 
Vegetation 
The vegetation of this region is called caatinga, an indian word 
meaning white forest (Ferri 1980), so-called because the deciduous 
woodlands have a whitish aspect during the dry season. Caatinga vegeta-
tion is not homogenous (Haya shi and Numata 1976), but is a complex mix 
of deciduous trees and shrubs with an annual herbaceous understory (Cole 
1960, Ferri 1980, Pfister et al. 1983). The caatinga is noted for both 
oc 
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Figure 1 . 2 . Mean daily maximum and minimum temperatures ( C) as 
recorded by hygrothermograph on the study site. 
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its density and diversity, as well as an absence of perennial grass 
cover (Ei ten and Goodland 1979, Cole 1960). 
The 40-ha pasture used in this study supported a stand of native 
caatinga vegetation. Native caatinga does not refer to virgin woodland, 
but to areas of second or third growth that have not been recently 
cleared (i.e. within 20 to 40 years) (Webb 1974). 
Principal tree species on the study area are pau branco (Auxemma 
oncocalyx Taub.), sabia' (Mimosa caesalpiniaefolia Ben th.), ca tingueira 
(Caesalpinia pyramidalis Benth.), marmeleiro (Croton hemiargyreus Muell. 
Clrg,), mororo' (Bauhinia forficata Link), and mofumbo (Combretum 
leprosuro Mart.), Important annual herbaceous plants include Hyptis 
spp., Bainvillea spp., Phaseolus spp., and j i tirana (Ipomoea spp.), a 
climbing vine, Dominant annual grasses are Paspalum spp., and Panicum 
spp., with numerous other genera represented (Pfister et al. 1983). 
Kirmse et al. (1983) have published detailed descriptions of the major 
tree species. The taxonomical classification of many plant species in 
this area has not been completed. 
Methods 
The native hair sheep and SRD (Sem Raca definida-wi thout definite 
race) goats used in this study were about 2 years old and weighed about 
18 kg when sampling began. At approximately monthly intervals, six to 
eight esophageally-fistula ted sheep or goats were used to collect diet 
samples in the 40-ha pasture. The 30 min. collections were done at 0530 
hrs. for three consecutive days. Extrusa samples were mixed thoroughly, 
and divided into 2 portions, with one portion frozen at -17°C, and 
another dried at 40 °c for three days. The latter was used for 
12 
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botanical determinations, after pooling samples over days for each 
individual animal. 
Botanical composition was determined by the microscope point method 
of Harker et al. (1964). Plant tissue was systematically identified at 
200 crosshair points per sample at 15-x. Plants were identified by 
species as leaf or stem, fruit or flower, or as unidentifiable. 
Forage availability (kg/ha) was estimated by hand-harvesting all 
herbaceous vegetation within 30-40, .5-x .6-m randomly placed quadrats. 
Leaf litter was estimated by collecting dried leaves from these same 
quadrats. Tree foliage was estimated by stripping all leaves to a 
browsing height of 1.6 m from four major tree species, viz: pau branco, 
sabia', catingueira, and mororo'. These four species were thought to be 
the only trees acceptable to livestock. Thirty individual trees of each 
species were randomly selected and stripped during each sampling period 
(except during Sept.). Tree density was determined by counting 
individuals in 30 randomly placed 4-x 10-m plots. 
Data reduction and analysis was done using the statistical computing 
packages Mini tab (Ryan et al. 1981 ), and Rummage (Bryce et al. 1980). 
I Least squares analysis of variance was used, with the protected LSD 
procedure employed to compare individual means. The experimental design 
was a completely random design comparing sheep and goats, with 
individual animals nested. Repeated measurements were made over 10 
periods. Numbers of fistulated animals needed for precision sampling 
were determined for each period by the formula: 
n = 
where t equals the value of the t statistic at n-1 degrees of freedom, s 
is the sample standard deviation for each period, and dis the half-
width of the desired confidence interval (Steel and Torrie 1960). 
Results 
Forage Availability 
The quantity of forage available during each period is illustrated 
in Figure 1.3 and Appendix tables 2 and 3. Leaf litter was clearly the 
dominant component of the available forage in the dry season (July-Dec., 
1981 ). Peak amounts of leaf litter ( 1 500 kg/ha) were recorded in 
August. In October and December about ' 500 kg/ha of leaf litter was 
recorded. Herbaceous material and tree foliage contributed relatively 
little to the available forage after the early dry season (May- July). 
The amount of forage available in the wet season showed a steady 
increase with forage maturation. The herbaceous annuals responded more 
quickly to precipitation than did the trees, increasing greatly from 
January (176 kg/ha) to February (587 kg/ha). From February to April the 
biomass of tree foliage increased dramatically from about 160 kg/ha to 
650 kg/ha. 
Dietary Selection 
Goats selected for large amounts of standing dead forb material, and 
for a lesser amount of browse during the early dry season (Figure 1.4). 
Sheep during the same period were selecting a diet slightly higher in 
browse, and for large quantities of dried annual forbs (Figure 1.4). 
Both sheep and goats selected large but variable quantities of jitirana 
14 
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(climbing vine), and mororo', a leguminous tree (Figure 1.5 and Appendix 
table 1 ). 
Dietary leaf:stem ratios were highly variable during the May to 
August period (Table 1.2). There was a significant (P=.014) period by 
species interaction for the leaf:stem ratios over all periods (Appendix 
table 4), and a significant period by animal species interaction for the 
amounts of browse, grass, and forbs in animal diets (Appendix table 5). 
However, only for grass was there a significant (P<0 . 01) difference 
between animal species. 
Table 1.2. Dietary leaf: stem ratios for sheep and goats during 10 
sampling periods. 
Period Sheep Goats 
May 2.ga* 2.ga 
June 7. 1 a 11. 2 b 
July 8.2a 4.ob 
August 2.sa 3.1a 
September 5.oa 3.oa 
October 2.4a 2.5a 
December 3 .1 a 3.· 2a 
January 2.9a 7.3b 
February 5.5a 4.6a 
April 2.7a 3.aa 
* Values in the same row with different letters are significantly 
different (P<.1 ). 
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The high degree of variability in animals diets necessitated larger 
sample sizes than realized for accurate estimation of botanical 
composition with any degree of precision (see below). Therefore, 
statistically significant differences in selection each period, between 
animal species for forage classes (forbs, grass, browse) or plant 
species will not be emphasized in this paper. Rather, an importance 
ranking (Vavra et al. 1978) of plant speces in the diets was developed 
(Table 1.3), based on the botanical data, and on detailed behavioral 
observations (Chapters IV and V). 
The diets of goats and sheep were virtually identical during the 
late dry season period (Table 1.3, Figures 1,6 and 1.7). The importance 
ranking contained the same five plant species in slightly different 
orders (Table 1.3). The leaves of s eve ral tree species (ca tingueira, 
sabia', mororo', and marmeleiro), and jitirana were major dietary 
components. Leaf:stem ratios in the late dry season (Sep.-Dec.) were 
consistently low (Table 1.2), reflecting the large amounts of stem in 
the diets . 
The onset of the wet season in late December was responsible for a 
divergence in goat and . sheep diets. In January and February sheep 
selected large amounts of grass (30-50%) and forbs (45-55%) (Figure 
1.8), Little browse (2-10%) was consumed by sheep during these first 
two wet season periods. During April sheep began selecting more browse 
(55%) and less forbs and grass. 
Goats initially selected browse in January(> 65%), and shifted to a 
diet composed of nearly equal parts of browse, forbs, and grass in 
February (Figure 1.8). By April goats were selecting almost no grass, 
less browse, and more forbs. 
20 
Table 1.3. Importance rinking of plant species in goat and sheep diets 
during the study period. 
Early Late 
Rank dry season dry season Wet season 
Sheep Jitirana Catingueira Annual forbs 1 
2 Mororo' Jitirana Annual grasses 
3 Mariana Mororo' Melosa 
4 Sabia' Marmeleiro 
5 Sabia' 
Goats Ji tirana Jitirana Sabia' 
2 Mororo' Mororo' Annual grasses 
3 Sabia' Catingueira Mororo' 
4 Marmeleiro Annual forbs 2 
5 Sabia' Other browse 
species3 
* A subjective ranking based on botanical data and behavioral 
observations. 
1Bamburral russarente (unclassified) 
Bamburral branco (Bainvillea spp.) 
Jitirana 
Mariana (Commelina spp.) 
Malva paco paco (Wissadula spp.) 
2Ji tirana 
Bamburral russarente 
Bamburral branco 
Malva paco paco 
3Angico (Anadenanthera macrocarpa) 
Juazeiro (fruits) 
Manicoba (Manihot spp.) 
Mofumbo 
Melosa 
GOATS 
I 00 .------_:__--
90 
80 
I- 70 
w 
o 60 
z 
1-
z 
50 
w 40 
u 
O'.'. 
w 30 
CL 
20 
10 
Unknown 
Browse 
Forbs 
SEPT OCT DEC 
SHEEP 
--------~100 
90 
70 
Browse 
60 
50 
40 
30 
-----i20 
Forbs 
10 
SEPT OCT DEC 
LATE DRY SEASON 
Figure 1.6. Dietary selection(%) by sheep and goats during 
the late dry season for forbs, grass, and browse. 
21 
40 
30 
20 
10 
40 
30 
f- 20 
w 
O 10 
lJ... 
0 
CATINGUEIRA 
MORORO' 
f-
z JITIRANA" 
~ 40 
0:: 
w 
a.. 30 
20 
10 
30 
20 
10 
MARMELEIRO 
SEPT OCT DEC 
LATE DRY-SEASON 
MONTHS 
msHEEP 
0GOATS 
I =90%C .I. 
Figure 1.7. Important dietary constituents (%) 
selected by gQat.$ and ~heep during the late dry 
season. 
22 
90 
80 
.._ 70 
w 
o 60 
z 
.._ 
z 
w 
u 
0:: 
w 
a.. 
50 
40 
30 
20 
10 
JAN 
GOATS 
Browse 
Forbs 
FEB 
90 
Grass 
80 
70 
60 
50 
40 
30 
Forbs 20 
10 
APR JAN FEB APR 
WET SEASON 
Figure 1.8. Dietary selection (%) by sheep and goats during 
the wet season for forbs, grass, and browse. 
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Generally the plant species in the diets of sheep and goats were 
dissimilar during the wet season (Appendix table 1 ). The importance 
ranking indicates that sheep selected for large amounts of annual forbs, 
annual grasses, and the half-shrub, melosa (Ruellia asperula Lindau) 
(Table 1.3). Goat's diets consisted of the tree species sabia' and 
mororo', annual grasses, annual forbs, and other browse species (Table 
1.3). Leaf:stem ratios during the wet season (Jan .-Apr. ) indicated a 
significant (P<.1) difference between goats and sheep in January. 
Fruits and flowers were important dietary constituents sporadically 
during the study (Figure 1.9). The principal contributor, from May to 
September was jitirana, in October, the tree feijao bravo (Capparis 
cynophallophora L.), in December, cipo (an unclassified woody wine), in 
February, annual grasses, and in April, the tree juazeiro (Zizyphus 
joazeiro Mart.). 
The mean number of identifiable plant species in t~e animals' diets 
is shown in Figure 1.10. Sheep consistently ate a broader range of 
plant species than did goats from May to September. However, little 
difference was noted between sheep and goats during the late dry season 
(Oct.-Dec.) and early wet season (Jan.). During February and April, 
goats were, on the average, eating a wider variety of plant species than 
were sheep. Over all periods there was a significant (P=.004) 
difference between sheep and goati in the number of plant species 
selected. There was also a significant (P=.008) period by animal 
species interaction (Appendix table 6). 
Calculations of the numbers of fistulated animals needed to estimate 
botanical composition with 90% confidence and within 5% of the mean 
revealed large variability in the required numbers (Table 1.4). Six to 
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Table 1.4. Numbers of animals needed to sample botanical composition with 90% confidence 
within+ 5% of the mean, for major dietary components during 10 sample periods. 
Catingueira Sabia Mororo Jitirana Grass Forbs Browse 
Period G* S>'< G s G s G s G s G s G s. 
May ->'<'le 1 18 4 3 2 34 11 - 7 24 5 24 8 
June - 1 30 12 43 15 25 5 1 7 46 14 60 ' 44 
July 4 1 1 1 4 17 10 13 1 1 10 16 10 20 
August 1 1 1 1 53 5 42 10 1 1 52 10 51 9 
September 2 1 10 1 12 4 31 2 1 1 43 1 36 3 
October 18 21 3 4 17 1 15 11 1 14 14 13 20 24 
December 9 6 5 1 31 1 22 3 1 2 22 4 25 6 
January 6 - 15 1 36 1 15 13 5 4 29 4 32 2 
February - - 11 1 2 1 4 1 19 59 17 51 21 1 
April - - 11 1 7 · 2 2 1 1 10 39 8 35 9 
Average 7 5 11 3 21 5 20 7 3 11 30 13 31 13 
* G=Goats,S=Sheep 
** No reliable estimate of variance available 
N 
-..J 
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eight fistulated animals were used in every period, except September, 
when only four sheep were available~ Generally more goats were required 
for precise sampling than sheep. Suprisingly, more animals were 
required to collectively sample for forbs or browse than individually 
for several of the major plant species. Instances where only one animal 
was required for sampling were numerous, due to minute quantities of a 
particular species in the diets. Ten to 30 fistulated animals were 
generally required during a period to precisely estimate any important 
plant species. 
Discussion 
Dietary Selection 
The degree of dietary overlap between sheep and goats was greatest 
in the dry season. Available leaf litter was largely pau branco 
(Appendix table 3) , a tree species both --goats and sheep found unaccept-
able, Discountin g pau branco, there was only about 250 kg/ha of 
acceptable forag e on offer in the late dry season. Goats and sheep 
limited their gra zing to the same approximate vertical space during the 
late dry season (Oct.-Dec.) (Chapter V). Thus, competition between 
goats and sheep was potentially severe. 
However, as Squires (1982) pointed out, one animal species must be 
limiting the productivity of another for competition to occur. This 
study provided indirect evidence of competition in the dry season. 
Given the large amount of forage on offer during the wet season, and the 
differences between sheep and goats in partitioning their vertical 
grazing space (Chapter V), competition was apparently minimal during the 
wet season. 
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Diet studies have typically shown large seasonal variation in the 
diets of sheep and goats (Malechek and Leinweber 1972a, Bryant et al. 
1979). This study was no exception. Both sheep and goats demonstrated 
rapid changes in dietary selections, presumably to take advantage of 
preferred food i terns. Such a shift is exemplified by goats selection 
for jitirana and mororo' from May to July (Figures 1.11 and 1.12). In 
May goats selected large amounts of jitirana (72%), and very little 
mororo' (5%). A fortnight later in June, goats selected for mororo' 
(43%) and ji tirana (21 %). In July, four weeks later, goats again 
selected for jitirana (72%), and reduced their consumption of mororo' to 
9%-
Nutritional analysis of the forage on offer in July and August 
indicated that the leaf litter of mororo' underwent a large decline in 
crude protein from July to August. The leaf fall for mororo' was 
heaviest in June, when the leaves were apparently near their nutritional 
peak (as leaf litter). 
One interpretation of these data could be that such shifts in 
dietary selecti o n are due to selection for nutritious food items. 
However, caution must be exercised in this interpretation, as the 
relationship between nutritional quality and selection for mororo' may 
be more coincidental than cause-and-effect. Ruminants are essentially 
hedyphagic, and so select food items pleasing in taste (Arnold and 
Dudzinski 1978). Selection for nutritionally-superior forage may be a 
result of the correlation between animal preferences for leafy material, 
and the higher nutritional quality of such material (Malechek and 
Provenza 1983). On the other hand, such dietary selection may indicate 
that goats are a3sessing the quality of many plant species by sampling 
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them, and then profiting from consumption of the most nutritious (Ellis 
et al. 1976, Owen-Smith and Novellie 1982). The latter alternative is 
unlikely in view of recent tests of nutritional wisdom in ruminants 
(Zahorik and Houpt 1977, 1981). 
Examination of Figure 1.8 indicates a similar shift by goats in 
selection for grass in February. Largely ignored the rest of the year, 
grass became an important dietary component for goats (38%) during 
February and March · (personal observation). Goats were especially 
attracted to the seedheads of the grasses. Several other studies have 
reported the extensive, but highly seasonal, use of grass by goats 
(Malechek and Leinweber 1972a, du Toit 1972, Nge'the and Box 1976, 
Bryant et al. 1979). 
Sheep were apparently slower than goats in dietary shifts for 
ji tirana and mororo' (Fig ures 1.11 and 1.12). Goats peaked in their 
selection of jitirana and mororo' in July and June, respectively. 
However, sheep showed peaks for jitirana and mororo' in August and July, 
respectively. Perhaps goats displayed a greater innate sensitivity to 
changing foraging condition s (Arnold and Dudzinski 1978), and were able 
to adjust their selections accordingly. 
Sheep also demonstrated abrupt dietary shifts not duplicated by 
goats. The selection of melosa (44%) in April provides only one of many 
possible examples. Melosa leaves were very nutritious (15% crude 
protein, 61 % cell solubles) in April, however, no trend can be 
established as only one nutritional assay was done. 
Leaf litter was a crucial dietary element in the deciduous woodland 
during the dry season for both sheep and goats. Wilson et al. (1975) 
reported that dry leaves were important in goat diets in Australia. 
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During the late dry season, nearly 100% of the available forage was leaf 
litter. The leaf litter during the late dry season formed a natural hay 
for the grazing animals. The decline in leaf litter biomass from August 
to October was apparently due to weathering and decomposition, 
trampling, and consumption by the grazing animals. 
Fruits and flowers were seasonally important in animals' diets. 
Malechek (1982) and Malechek and Provenza (1983) have commented that 
these plant parts may be crucial to animal survival at times of 
nutritional stress. This may be true even though fruits or flowers 
represent a very small fraction of the diets, because these parts are 
often high in nutrients (Schwartz and Said 1981, Everitt and Alaniz 
1981 ). Nutritional analysis of ji tirana fruits indicated crude protein 
levels near 30% in August. Goats were especially adept at prehending 
these fruits through use of a bipedal stance. 
Specialization 
A relatively small number of plant species comprised the bulk of 
animal diets. Squires (1982), Nge'the and Box (1976), and Wilson et 
al. (1975) also found that a few species (about 6-12) made up 75-95% of 
goat and sheep diets. The number of plant species selected by goats 
showed a slight upward trend during the dry season (May-Dec.). Species 
selected by sheep showed a slight decline during the late dry season 
(Sep.-Dec.). The optimal foraging model of Owen-Smith and Novellie 
(1982) for grazing ungulates predicts that animals widen the range of 
acceptable plant species as food resources decline, but when forage 
intake falls below maintenance levels, the range of plant species eaten 
will be narrow. In October and December there were far fewer plant 
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species available for selection than earlier in the May to July period. 
Thus, the range of acceptable plant species was apparently expanded by 
goats, and to a lesser extent, by sheep, relative to the number of 
available species. Forage intake did not fall below maintenance levels 
during the late dry season (Chapter III), and the range of species eaten 
apparently did not narrow. This suggests that forage availability of 
the acceptable species was as important a limitation to the selection 
process as was diet quality, at least under these circumstances (Owen-
Smi th and Novellie 1982). 
If dietary quality was the major limitation to what animals 
selected, rather than availability of the acceptable forage species, one 
would expect animals to select an increasingly narrow range of species 
as the dry season progressed. This would reflect an attempt to select 
for the highest possible quality within the available forage species. 
However, if acceptable forage quantity was a greater limitation than was 
the quality of forage, one would expect animals to expand the number of 
spe cies ea ten as the dry season advanced. The relatively larger number 
of plant species selected during the late dry season compared to earlier 
in the dry season supp orts the above contention. The relatively large N 
content (1.7 % of the dry matter) of the leaf litter in the late dry 
season (Chapter II) also lends credence to this notion, as it indicates 
adequate forage quality. 
Goats were apparently more specialized in their dietary selection 
during the dry season than were sheep. Fewer plant species (P<.1) were 
recorded for goats, and the amounts of fruits and flowers consumed by 
goats indicate greater selectivity for these plant parts. 
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The botanical results indicated that goats selected more species 
(P<.1) during February and April than did sheep. In these two periods, 
sheep also selected for equal or greater amounts of fruits and flowers, 
while no differences (P>.1) in the leaf:stem ratios of goat and sheep 
diets were observed. Apparently sheep were more selective than were 
goats during most of the wet season. Sheep diets during the wet season 
were significantly (P<.05) less lignified than were goats, indicating 
greater selectivity by sheep. 
A large number of plant species (>70) were available during the wet 
season. The microscope point method of determining botanical composi-
tion indicated that goats and sheep consumed only a fraction of this 
number. However, ocular observations indicated that goats and sheep ate 
minute quantities of many species that were not detected in the botani-
cal determinations. One serious limitation of the microscope point 
method is the inability to detect plant species contributing less than 
5% to the diet, without using a prohibitively large number of points 
(Galt et al. 1968, Harker et al. 1964). Thus, no rigorous conclusion 
about specialization of plant selection by goats and sheep during the 
wet season was possible based on botanical composition of the diets. 
Variability in Diet Selection of 
Sheep and Goats 
The large animal numbers needed to determine botanical composition 
was indicative of the variability of animal diets. Although samples 
were not analysed separately by days, observations indicated large and 
probably significant variation associated with days. Unlike the study 
of Van Dyne and Heady (1965), diets were not consistent over the three-
day sampling period. Van Dyne and Heady (1965) and Harniss et al. 
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(1975) reported larger numbers of animals needed for sampling than 
indicated here. However, their studies also used daily analysis of 
extrusa samples, and the variation associated with days undoubtedly 
increased the error variance in their studies. Consequently, both the 
sample numbers required and the sample numbers achieved were higher than 
reported here. 
In this study pooling over days was done to level out some of the 
variation, and give a more representative picture of diets. Given the 
heterogeneous nature of rangelands, an extrusa sample from a fistulated 
animal grazing for less than an hour may not be as representative as 
desired, therefore pooling over several days was warranted. 
Generally comparisons of the dietary selections of goats have been 
made with fine-woolled types of sheep of European origin. These 
European sheep types have been studied much more thoroughly, and very 
little information is currently available on selectivity of tropical 
hair sheep. Similarly, almost no data are available on diet selection 
in indigenous, tropical goats. The native animals used in this study 
were apparently very well adapted to the semi-arid range conditions of 
Northeast Brazil. Both sheep and goats defied traditionally rigid 
characterization by displaying attributes of both browsers and grazers. 
Certainly Van Soest's ( 1982) classification of goats as intermediate 
browsers, and sheep as grazers is inappropriate. Van Soest's (1980) 
classification of goats as forb- or browse- preferring intermediate 
feeders, and sheep as grass- preferring intermediate feeders more 
closely resembles the pattern shown in this study. 
Genotypic variation within the species Ovis aries and Capra hircus 
may prove to be as large as that between species. Bryant et al. (1979) 
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reported that sheep and Angora goats were more similar than Angora goats 
and Spanish goats with respect to kind and amount of grass and browse 
consumption. Warren et al. ( 1981, 1983) compared dietary selection by 
three sheep breeds and two goat breeds. Their preliminary results 
indicated differences among genotypes in forage selection. Larger 
differences were noted between fine-woolled sheep (Rambouillet) and 
Spanish goats than between hair-type sheep and goats. Engelhardt (1981) 
reported that small autochthonous sheep have a greater potential for 
utilizing poor quality forage than do conventional genotypes due to 
larger forestomach capacities relative to body size. Thus, Engelhardt 
(1981) concluded that these animals may be more efficient in utilization 
of poor quality, high fiber diets typical of tropical 
environments. Clearly more research is needed on dietary selection by 
tropical sheep and goats (Malechek and Provenza 1983) before acceptable 
comparisons can be made. 
Management Implications 
Slash and burn agriculture for subsistence cropping is widespread in 
the caatinga zone. Many ranchers feel that clearing the caatinga of 
trees allows more forage growth. However the long-term benefits of 
wholesale clearing are dubious. Walker (1979) maintained that the trees 
will serve to dampen environmental fluctuations, even though on the 
average trees produce less green foliage than the annual plants. 
Complete clearing of the caatinga may favor short-term site productivity 
at the expense of long-term stability (Malechek 1982). 
Selective clearing of the dominant tree species, pau branco, is 
recommended. Selective clearing would remove some competition for light 
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and moisture, yet retain sufficient quantity of the desirable trees. 
Sabia', catingueira, and mororo' should be protected from clearing 
treatments. Sabia' and mororo' coppice readily after cutting, and sheep 
and goats heavily browse the palatable regrowth. Ca tingueira is 
relatively unpalatable as green forage, but the dry tree leaves are 
nutritious and provide the bulk of the late dry season forage. These 
three trees provide little wet season forage, but collectively they are 
crucial for the dry season diets of grazing animals. 
The leaf litter from the desirable trees plays a more important 
ecological role than simply providing animal fodder. This material 
protects the soil from erosion, especially when the area is most 
vulnerable at the end of the dry season. The first rains are usually 
very intense, and the annual plants give little protective ground cover. 
Without the tree and leaf litter cover, increased soil erosion is 
certain (Marinho et al. 1982). 
Further research aimed at unravelling many complex plant-animal 
relationships in the caatinga is needed. For example, the role of some 
"undesirable" tree species, such as the invader marmeleiro (Croton), 
needs to be clarified. Considered a weedy species, marmeleiro provided 
animal forage at a critical time in the dry season during my study. 
Such information is very important for formulation of ecologically-sound 
management objectives, designed to halt the degradation of the caatinga 
rangelands. 
CHAPTER II 
NUTRITIVE CONTENT OF THE DIETS OF GOATS AND SHEEP GRAZING 
NATIVE CAATINGA WOODLAND IN NORTHEASTERN BRAZIL 
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The caatinga vegetation type in northeastern Brazil occupies an area 
of about 1 million km2 , or nearly 11% of the total land area of the 
country (Ferri 1980). This is approximately equal to the combined areas 
of Utah, Idaho, Colorado, and Wyoming. 
The livestock industry plays a central role in the economy of the 
impoverished Northeast (Gonzales Padilla 1980, Reboucas 1979, Webb 
1974). Nearly all ranches in Ceara' state produce sheep or goats (or 
both) in a mixed cropping system, and most of these animals depend upon 
rangelands for grazing during most of the year (Gutierrez et al. 1981). 
The deciduous caatinga woodland is highly dependent on a four-to-six 
month rainy season (Jan.-June) for forage production. The dry season 
occurs during the remainder of the year (July-Dec.), and is often 
extended to 10 or 11 months from periodic droughts (Trewartha 1981 ). 
The dry season imposes substantial nutritional stress on grazing live-
stock, and severe weight and death losses are common during this period. 
No information is availab le on the nutritive content of sheep and 
goat diets in this semi-arid tropical region. Such information is 
important for successful formulation of range and animal management 
strategies designed to overcome the chronically low animal production 
found in this area (Gonzales Padilla 1980). Thus, the objective of this 
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study was to assess seasonal changes in the nutritive content of goat 
and sheep diets. 
Methods 
The study area was a 40-ha native caatinga pasture located at the 
National Goat Research Center (CNPC) near Sobral, Ceara'. Sobral is 
located at 3 degrees south latitude, at an elevation of 63 m. Details 
regarding climate, vegetation, and experimental animals have been pre-
sented in Chapter I. Procedures for collecting and processing extrusa 
samples from fistulated animals have also been given in Chapter I. 
The crude protein content was determined by analysis of oven-dried 
extrusa material. This material was ground through a Wiley mill with a 
1-mm screen. Crude protein (CP) (N x 6.25) was assessed by the macro-
Kjeldahl procedure (Harris 1967). 
Fiber and in vitro digestibility determinations were made on frozen 
portions of the extrusa samples. Frozen samples were packed in dry ice, 
and shipped via air freight from Brazil to the Range Nutrition Labora-
tory at Utah State University. The frozen samples were then freeze-
dried and ground to pass a 1-mm screen. The sequential extraction 
procedure (Van Soest and Robertson 1980) was used for determination of 
neutral-detergent fiber (NDF), and acid-detergent fiber (ADF) (Goering 
and Van Soest 1970). The procedure of Goering and Van Soest (1970) was 
modified slightly by the use of percolation tubes (Harris 1967) during 
the ADF extraction. In addition, the reagents decal in and sodium 
sulfite were omitted as recommended by Robertson and Van Soest ( 1980). 
Acid-detergent fiber (ADF) was used as preparation for the permanganate 
oxidation of lignin (ADL) (Van Soest and Wine 1968). In vitro organic 
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matter digestibility (IVOMD) was determined using the method of Tilley 
and Terry (1963), with filter paper (Whatman 54) substituting for 
crucibles during filtration of the residue (Robertson et al. 1972). 
Estimates of forage availability were made by methods detailed in 
Chapter I. Harvested plant material was dried at 50°c for 48 hrs. and 
ground through a 1-mm screen. Crude protein was determined as above. 
Numbers of samples needed to estimate NDF, lignin, and IVOMD with 
95% confidence within 5% of the mean were calculated for each period by 
the formula given in Chapter I. 
The experimental design was a completely random design with repeated 
measurements. Comparisons were made of animal species ( goats vs. 
sheep), with the animal effect nested within species. Sampling for 
crude protein was repeated during 10 periods. The fiber and IVOMD 
measurements were conducted on samples collected during eight periods 
from July, 1981 to April, 1982. Least squares analysis of variance 
procedures were used to test for treatment effects. Where appropriate, 
the protected LSD procedure was used to compare individual means. 
Results 
Crude Protein 
Seasonal variability was evident in the CP content of the diets 
(Figure 2.1). There was a significant (P<.05) difference between CP 
levels of sheep and goats, and the animal species by period interaction 
was also significant (P=.002), indicating periodic differences between 
goats and sheep (Appendix table 7). Further test by the LSD procedure 
revealed that the significant (P<.05) differences occurred in July and 
September. 
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Figure 2.1. Crude protein content (%) of samples collected from fistulated 
goats and sheep during 10 sampling periods. Different letters above bars for 
the same period indicate significant differences (P<.05). 
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Crude protein levels during the dry season generally underwent a 
gradual decline from May (1 8%) to December (12%). At the onset of the 
wet season in January, CF levels rose to near 25% for both sheep and 
goats. These exceptionally high levels subsequently decreased to about 
17% during February and April. 
Fiber 
NDF values were similar throughout the study for sheep and goats 
(Figure 2.2). No significant (P>.1) difference was found between animal 
species, nor was the animal species by period interaction significant 
(P=.6) (Appendix table 8 ). NDF content of diets peaked during the late 
dry season (Sept.-Dec. ) near 50 %. During the wet season, NDF levels 
generally ranged from 35% to 40%. 
Levels of ligni n i n the diets (Figure 2.3) indicated that sheep 
selected diets containing less lignin than did goats (P<0.01 ). 
Seasonally, ADL levels were highest for both goats and sheep in 
September (14 %), an d r e mained near 12% through October and December. 
During the wet season sheep selected for substantially less lignin than 
did goats. ADL leve l s of goat's diets during January, February, and 
April were near or exceeded 10%, while ADL values for sheep ranged from 
five to nine percent. 
Statistically, these differences were relected by the significant 
(P<.002) animal species by period interaction (Appendix table 8). 
IVOMD 
Sheep's diets were significantly (P<0.01) more digestible than were 
goat's (Figure 2.4), and the animal species by period interaction was 
significant (P<0.01) (Appendix table 9). As can be seen from Figure 
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2.4, these differences occurred during the wet season months. No 
significant (P>.05) differences for IVOMD were found at any time during 
the dry season. However, during the wet season, digestibility of sheep 
diets far exceeded that for goats. For example, in January sheep diets 
were 68% digestible, while corresponding values for goats were near 50%. 
This trend of large differences in IVOMD between animal species 
continued during February and April. 
Seasonally, the lowest values for IVOMD occurred in September, and a 
gradual upward trend was noted from September to December. IVOMD during 
the dry season was highest during the early July and August periods. 
Quality of Dry Season Forage 
Seasonal trends in crude protein content of the major forage species 
consumed by grazing animals during the late dry season are presented in 
Table 2.1. Several tree species responded to a 25 mm ephemeral shower 
in late August, producing new foliar growth high in crude protein in 
early September. 
The herbaceous vine, jitirana (Ipomoea spp.), although dormant, 
maintained its N-levels well, and contained 15% and 29% crude protein in 
the dry leaves and seeds, respectively, during August and September. 
Animals avidly selected this plant during the dry season. 
Crude protein levels of these important dry-season species during 
the wet season are also shown in Table 2.1 for comparison with dry 
season periods. 
Leaf litter from several tree species was relatively high in crude 
protein content (Table 2.1 ). Moreover, these high levels were 
maintained during the periods of heaviest use of the leaf litter by 
Table 2 .1. Seasonal trends in crude protein content (%) of plant species 
that were important constituents of animal diets during the dry season. 
July Aug Sept Oct Dec Jan Feb 
Tree foliage 
mororo' 11.4 - 21.1 - - 21.1 18.3 
sabia - - 19.7 - - 19.7 18.2 
marmeleiro - - 19.3 15.9 
catingueira 14.6 15.3 - - - 18.2 18.0 
Leaf litter 
mororo 13.5 6 . 1 5.2 6.1 6.6 
sabia 11. 5 12.5 - 10.5 11.1 
catingueira 12.4 12.3 - 11. 4 11.1 
Herbaceous 
j itirana leaves - - 15 . 6 - - 23.1 -
j itirana seeds - 29.3 
Apr 
16. 5· 
15.9 
16.9 
.p-
Q:) 
49 
grazing animals (Chapter I). Only the leaf litter of mororo' (Bauhinia 
forficata) sustained substantial N loss from July to August. 
Number of Samples 
The number of samples needed to estimate the various dietary 
nutrients with 95% confidence within 5% of the mean are given in Table 
2.2. Very few samples were needed to adequately estimate fiber and 
crude protein. However, the number of samples required to precisely 
estimate IVOMD often exceeded the six-to-eight samples actually taken. 
Overall, the numb~r of samples collected from sheep were inadequate in 
two periods (Aug. and Sept.), while in four periods (July, Sept., Jan., 
and Feb.), an inadequate number of samples were collected from goats. 
However, the sample numbers used for IVOMD were adequate in all periods 
at a lower level of reliability (i.e. 90% confidence and within 10% of 
the mean). 
Discussion 
Few periodic differences were found between sheep and goats in crude 
protein content of the diets. Wilson et al. (1975) reported similar 
results. The crude protein content of animal diets during the late dry 
season (Oct.-Dec.) was higher than expected (12%). This was due to 
selection for dried leaves that were relatively high in crude protein. 
However, Milton and Dinitz (1981) concluded that the traditional conver-
sion factor of 6.25 may not be valid for tropical forage species. They 
suggested use of a conversion factor of 4.4 to more accurately reflect 
protein content. However, their remarks were based on analysis of 
leaves from only nine tree species, and must be viewed with caution. 
Table 2.2. Numbers of samples needed to sample various nutritive 
constituents with 95% confidence within 5% of the mean. 
NDF ADL CP IVOMD 
Month S* G* s G s G s G 
May - - - - 1 1 
June - - - - 1 1 
July 2 1 1 1 1 1 7 14 
August 1 4 1 1 2 1 17 5 
September 3 2 1 1 1 1 22 10 
October 4 3 2 1 1 1 3 5 
December 3 2 1 2 2 1 4 6 
January 1 2 1 2 1 1 1 22 
February 3 2 1 1 1 1 2 10 
April 4 2 1 2 1 1 4 8 
* S=sheep; G=goat 
Vl 
0 
51 
Use of the conversion factor N x 4.4 would have reduced crude protein 
levels by almost 30% in the dietary samples examined in this study. 
During the late dry season animals in the Northeast typically endure 
large weight losses. In this study non-fistulated animals sustained 
weight losses of 15-20% from October to December (Chapter III). 
The maintenance requirements for crude protein of a dry pregnant and 
a lactating ewe (50 kg with twins) are 9.0 and 11.5%, respectively (NRC 
1975). Comparable figures are 10.9 and 13% for dry pregnant and 
lactating goats ( 30 kg), respectively (NRC 1981 a). Huston (1978) 
indicated higher CP requirements for goats than for sheep. Diets for 
both species greatly exceeded requirements during much of th~ year. 
Crude protein is not limiting animal production in the dry season, 
provided animals have access to the kinds and amounts of caatinga 
species present in our experimental area. 
Ambient temperatures greater than 30°c are experienced yearround in 
this re g ion. The a f fect of such temperatures on the protein require-
ments of grazing anim a l s is probably minor. Data indicate that protein 
requirements are not appreciably altered under heat stress (NRC 1981 b, 
Ames and Brink 1 977). However, recent work has indicated that protein 
requirements for gr o wing animals can be reduced under thermal stress 
(Ames et al. 1 980, Ames and Brink 1 977). 
Van Soest (1982) has theorized that goats are more selective 
foragers than are sheep. This postulate rests partially upon body size 
and related gastrointestinal (GI) capacity of ungulates (Van Soest 
1980). Smaller body and GI tract size indicate a need to select a 
highly nutritious diet to maintain relatively rapid rumen turnover and 
rate of feed passage (Van Soest 1982). Goats are predicted to consume a 
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less-fibrous, more highly digestible diet than are sheep by virtue of 
their feeding habits and movements (McCammon-Feldman et al. 1981, Van 
So est 1982), since GI tract capacities are similar for the two species 
(Spedding 1 975 ). 
This study did not support Van Soest's (1982) contention of greater 
selectivity for less-fibrous diets by goats. The proportion of cell 
wall (i.e. NDF) and the degree of lignification are primary determinants 
of the nutritive value of forages (Van Soest 1982). Sheep and goats 
were essentially identical in selection for cell wall. However, during 
the wet season, sheep consumed diets containing less (P<.05) lignin than 
did goats, apparently because of the relatively high browse content of 
goat's diets. Browse ma terial is generally higher in lignin than is 
herbaceous (Wilson 1969, McCammon-Feldman 1980), and the goat's 
preference for browse apparently increased their dietary fiber content. 
Differences in IVOMD between sheep and goats were large (P<.05) 
during the wet season. Four interacting factors may explain this 
phenomenon. Firstly, the higher (P<.05) levels of browse in goat's 
diets apparently depressed IVOMD. McCammon-Feldman et al. (1 981) 
reported that the digestibility of browse plants is moderate to low. 
Meneely and Schemni tz ( 1 981) found low dry matter digestibilities (33-
52%) for several temperate browse species. Wilson (1977) and McLeod 
( 1973) found low digestibilities for tropical tree and shrub species. 
Malechek and Leinweber (1972b) reported generally low digestibilities 
for goat's diets, however they found no apparent relationship between 
level of browse consumption and dry matter digestibility. 
Greater (P<.05) lignifica tion may have limited diges ti bi li ty (Van 
Soest 1982). Van Soest (1981) indicated that lignification is the most 
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important factor influencing forage quality. Lignin has been found to 
restrict the extent of digestion (Van Soest 1982). However the 
influence of high lignin levels in the browse may have been tempered by 
lower cell wall content, and by reduced association with cellulose 
(McCammon-Feldman et al. 1981 ). 
Secondly, the presence in the browse species of secondary 
polyphenolic compounds, such as tannins, may have reduced IVOMD. 
Tannins have been found to lower protein and organic matter digest-
ibility (Donnelly and Anthony 1969, Bohra 1980, Nastis and Malechek 
1981). In contrast, Lyford et al. (1967) indicated no depression in 
digestibility due to the presence of tannins when dietary protein level 
was high. 
The third possible factor is an artifact of the in vitro procedure 
and deals with the length of fermentation time. If inhibitory secondary 
compounds were present in the extrusa samples, microorganisms tolerant 
of these compounds would have been absent from the rumen liquor of donor 
animals that were maintained on alfalfa hay. McCammon-Feldman (1980) 
found that digestibility of a tropical tree was reduced by over 50% 
after a 48-hr. fermentation, compared to an in vivo estimate. However, 
a 96-h~ fermentation increased apparent digestibility by 12% over the 
48-hr. value. 
A closely related fourth factor is source of rumen inocula. Both 
sheep and goat were used as donor animals for inocula. For dietary 
samples from sheep ( which were . composed primarily of grass and forbs), 
rumen inoculum from a donor sheep maintained on alfalfa hay was probably 
appropriate. However, inoculum from a goat maintained on such a diet 
was probably inappropriate for goats dietary samples, which contained 
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large quantities of browse (Sidahmed et al. 1981). Sidahmed et al. 
(1981) found that the in vitro procedure tends to underestimate digest-
ibility for shrub-containing diets. However, they also reported that 
the in vitro procedure provides reasonably accurate estimations of 
digestibility of shrub-containing diets if donor animals are fed a 
ration containing shrubs. The above explanations may not apply to the 
April period, when sheep ate large quantities of the half-shrub, melosa 
(Ruellia asperula). 
The potential of a forage diet to supply the dietary energy require-
ments of ruminants is indicated by its digestibility (Rittenhouse et al. 
i 971 ) • The digestibility levels reported here for the late dry season 
were not exceptionally low. However, animal weight responses (Chapter 
III) during these months, and the adequate dietary N levels, show that 
animals were not able to meet their maintenance requirement for energy 
during the dry season. Deficiencies of dietary energy are apparently a 
serious limitation to animal performance during the late dry season, on 
caatinga pastures of the type sampled in this study. 
Yearlong breeding is practiced on most ranches in Ceara' (Gutierrez 
et al. 1981). However the rainy season often flushes females, and 
fertile estrous and subsequent gestation often coincide with the dry 
season. The low indices of production and high mortality levels 
reported by EMBRAPA (1980) may reflect energy deficiencies in grazing 
animals. 
Energy deficiencies may be ameliorated to some extent by the 
catabolism of protein for energy. However, roughage diets high in 
fiber, and concomitant energy deficiencies, may produce ruminal 
impactions as rumen turnover and rate of passage are impeded (Van Soest 
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1982). Heat stress may exacerbate suspected deficiencies of dietary 
energy by increasing maintenance energy requirements for thermoregula~ 
tion (Brody 1945, Kleiber 1961), and by depressing feed intake (NRC 
1 981 b). The impact of environment upon a suspected deficiency of 
dietary energy can only be speculated upon. However, given the 
consistently high ambient temperatures in this region, heat stress 
probably reduces animal's already .poor performance, especially in the 
dry season, when energy requirements are not being met due to poor 
foraging conditions (Ames and Brink 1977, Ames et al. 1980). 
There is a clear need for research into energy nutrition and supple-
mentation during the dry season in northeastern Brazil. Regionally 
av ailable plant sources for energy supplementation include corn, 
cassava, and sugarcane residues (molasses). Not widely used at present, 
grain sorghum merits attention in future work. Creating vegetation 
mosaics of selectively-thinned native pastures, interspersed with stands 
of pr omising introduc ed evergreen trees may also be a fruitful approach. 
To successfully overcome the nutritional constraints of the regular dry 
season and the unpredi c table but recurring droughts, producers will 
probably need to establish several alternate sources of dry season 
forage as a hedge against failure of any single source in a given year. 
CHAPTER III 
FORAGE INTAKE BY FREE-RANGING SHEEP AND GOATS IN 
THE SEMI-ARID TROPICS OF NORTHEASTERN BRAZIL 
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Goats and tropical hair sheep are receiving increased research 
attention worldwide because of their potential for producing meat, 
hides, fiber, and mil k (Devendra 1981). These indigenous animals appear 
to be particularly well-adapted to the poor-condition ranges often found 
in tropical and subtropical regions. 
Al though the increased research attention is deserved, range 
nutrition research designed to elucidate the nutritional status of free-
ranging goats and tropical sheep has been and is still very limited. 
Malechek and Provenza (1981) could identify no studies in the 
technically-reviewed literature that reported forage intake by grazing 
goats. Most studies on intake have involved stall-fed animals (Cordova 
et al. 197 8 ). The applicability of this information to grazing live-
stock is very questionable (Cordova et al. 1978, Malechek and Provenza 
1 981 ) • 
Cordova et al. (1978 ) reviewed the methods used to estimate 
voluntary intake of grazing livestock. In spite of limitations, total 
fecal collection is apparently the method of choice for estimating 
intake, based on the ratio of fecal output to diet indigestibility 
(Cordova et al. 1978). The objective of the present study was to 
determine and contrast the voluntary forage intake of free-ranging sheep 
and goats on a seasonal basis. 
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Methods 
Details about the study area and experimental animals were presented 
in Chapter I. Native sheep and goats were trained to wear fecal ' 
collection bags and harness apparati. Fecal organic matter output was 
determined gravimetrically by total fecal collections. Eight to 10 
goats and sheep were used during eight collection periods, each of 
three to five days duration. Collection periods in 1981 were during the 
periods of July 28-30, August 17-19, September 7- 10, November 2-6, and 
December 18-21. Collection periods in 1982 were during the periods of 
January 11-14, February 19-22, and April 26-28. Organic matter intake 
(OMI) was calculated by rearrangement of the digestibility equation as 
follows: 
OMI 
Organic matter fecal output 
1 - IVOMD 
where IVOMD is in vitro organic matter digestibility. IVOMD was 
estimated for each period using the Tilley and Terry (1963) two-stage 
fermentation procedure. Substrate for the IVOMD was extrusa material 
collected from esophageally-fistulated goats and sheep (Chapter I). OMI 
data are expressed as a percent of body weight (BW), as recommended by 
Van Soest (1982). 
Numbers of samples needed for precision sampling (90% confidence, 
within 5 or 10% of the mean) were estimated by the following formula: 
t 2 cv2 
n 
where t equals the value of the t statistic at n-1 degrees of freedom, 
CV is the coefficient of variation of fecal output expressed as a 
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percent, and dis the half-width of the desired confidence interval 
(Snedecor 1956). The cv2 was used instead of the variance (s 2) because 
the CV is a relative measure of variation, and is independent of the 
unit of measurement (Stee l and Torrie 1960). 
The experiment was a completely random design comparing sheep and 
goats, with individual animals nested within species. Repeated measure-
ments were made on individual animals during the above mentioned 
periods. Data were analysed through use of the statistical computing 
package, Rummage (Bryce et al. 1980). Least squares analysis of 
variance was used to determine treatment differences, with the protected 
LSD procedure used to compare individual means. 
Results 
Sheep had a significantly (P<.05) greater voluntary intake than did 
goats. Intake averaged 2.2% and 2.0% of BW over the study period for 
sheep and goats, re spec ti vely. These values are within the range 
reported by Cordova et al. ( 1978) for grazing shee~ McCammon-Feldman 
(1980) reported that voluntary intake in Nicaraguan goats averaged 2.3% 
of BW. The influence o f periods was significant (P<0.001) (Appendix 
table 10). 
Voluntary intake during the dry season months of July, August and 
October was significantly (P<.05) greater for sheep than for goats 
(Figure 3.1), as relected by the significant (P<.001) animal species by 
period interaction. Intake values were also greater (P<.05) for sheep 
than for goats during the wet season months of January and February. 
Considering the entire year, voluntary intake values were generally 
highest during the early dry season and during the early wet season. 
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Figure 3.1. Voluntary intake (% of body weight) of goats 
and sheep during eight sample periods. Different letters 
above bars from the same period indicate significant 
differences (P<.05). 
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Table 3 .1. Numbers of samples needed to estimate intake with 90% confidence 
within 5% and 10% of the mean for eight sampling periods. 
July Aug Sept Oct Dec Jan Feb Apr 
Goats 
+ 5% 54 76 25 20 24 58 32 12 
+ 10% 13 19 6 5 6 14 8 3 
. Sheep 
+ 5% 16 13 12 5 13 13 9 4 
+ 10% 4 3 3 1 3 3 2 1 
°' 0 
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However, lowest levels of intake (1.2% and 1.1% for sheep and goats, 
respectively) occurred in April during the late wet season, when forage 
quality was high but declining due to maturation. 
Numbers of samples needed to estimate voluntary intake with 90% 
confidence within 5 and 10% of the mean are shown in Table 3.1. Goa ts 
were more variable in fecal output than were sheep, hence more goats 
were usually required for precision sampling. The mean CV was 15-9% for 
goats and 8.6% for sheep. In three periods (July, August,and January) 
the numbers of goats used (8-10) fell below the number required to 
sample within 10% of the mean. In all cases sufficient numbers of sheep 
were used to estimate intake within 10% of the mean. Cordova et al. 
(1978) indicated that large numbers of animals are needed to estimate 
voluntary intake. However the numbers reported here are lower than 
those found for sheep in the study of Van Dyne and Meyer (1964). 
Discussion 
Intake 
Tropical climates with high ambient temperatures produce a greater 
range of digestibilities among plant species and parts than do temperate 
climates (Deinum and Dirven 1975). As goats are thought to be more 
selective in grazing habits than are sheep (Van Soest 1982), the 
nutritive content and voluntary intake of goat's grazing tropical 
forages is predicted to be higher than for sheep. This is due to 
reduced cell wall intake and higher rate of passage (McCammon-Feldman et 
al. 1981 ). However the level of voluntary intake for goats was lower 
(P<.05) than for sheep in this study. 
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The highest OMI values in this study were 2.8% and 2.5% of BW for 
sheep and goats, respectively, in July and August. Dried plant material 
(herbaceous and leaf litter) was abundant during these two months, and 
this abundance of available forage was apparently reflected in organic 
matter consumption (Chapter I). 
Voluntary intake of goats and sheep was reduced in September. This 
was the only period that intake for goats exceeded (P<.05) that for 
sheep. An ephemeral rainshower in late August prompted foliar growth in 
several deciduous trees that had previously shed their leaves. Intake 
decreased as animal movement increased to utilize this scanty but highly 
nutritious (Chapter II) green growth. Goats selected large amounts of 
stem from the climbing vine, jitirana (Ipomoea spp.) and green leaves of 
the tree Croton hemiargyreus. Sheep selected these same two species 
plus dried tree leaves of Bauhinia forficata. Bauhinia leaves were 
relatively scarce, and time spent searching may have lowered intake in 
sheep. The ability of goats to manipulate the forage resource (Chapter 
IV) gave them an advantage over sheep in consumption of Croton, and the 
overhead portions of jitirana vines. 
Intake rebounded in October and December from September levels. To 
maintain . their intake during these months, goats and sheep extended 
their grazing time to include virtually all of the daylight hours, plus · 
several hours of nighttime grazing. Daylight hours not spent grazing 
were occupied in rumination. The grazing behavior of sheep and goats 
appeared frenetic, especially for the sheep. Animals apparently 
expended large amounts of energy maintaining forage intake. Fatigue may 
have limited intake during these months (Arnold and Dudzinski 1978). 
The high amounts of cell wall ingested (Chapter II) were apparently 
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related to the time spent in rumination, and may have limited intake 
(Van Soest 1982). 
Differences in voluntary intake between goats and sheep in January 
and February must be viewed with suspicion. Depressions in IVOMD caused 
by lignin, tannins, or an inappropriate source of inocula (discussed in 
Chapter II) may have reduced calculated intake values for goats. 
Lowest levels of voluntary intake were observed in April, near the 
probable peak of available forage biomass during the wet season. 
Animals spent about 6 hours per day grazing during this month. Daily 
from 0530 to 0830 hrs., the animals engaged in vigorous play and 
agonistic behavior. 
Heat stress has been shown to reduce feed intake of grazing live-
stock (NRC 1981 b). High ambient temperatures (> 30°c) were daily 
occurrences yearround in this area. Interacting influences of 
temperature and relative humidity increase heat stress on animals (NRC 
1981b). Grazing time and feed intake may have been restricted in April 
due to high humidity and temperature. Humidity in April, highest of all 
recorded months, was> 90% and 60% for the mean daily maximum and 
minimum, respectively. However animals apparently did not graze at 
night when temperatures were reduced. 
Al though organic matter intake may have bottomed-out during this 
April period, intuition suggests that digestible energy intake was not 
at its lowest point. Animal activity supports this notion, and suggests 
no deficiency in intake due to heat stress, or any other factor such as 
the time required to select a nutritious diet from the large biomass of 
forage on offer. Determination of gross energy in the dietary and fecal 
64 
samples of grazing an i mals will yield apparent digestible energy intake. 
Such an evaluation may reveal that the digestible energy intake of goats 
and sheep was reduced during the dry season, and increased during the 
wet season. This effort would also allow development of predictive 
equations for digestible energy based on organic matter digestibility of 
dietary samples. Rittenhouse et al. ( 1971) reported a strong relation-
ship between organic matter digestibility and in vivo digestible energy. 
Van Soest (1982) reported a higher negative correlation between cell 
wall content and forage intake than any other chemical constituent. 
Levels of cell wall in the diets were far higher during the dry season 
than during the wet season. However the lowest intake levels were 
rea ched when levels of cell wall were not excessive. This suggests that 
chemostatic mechanisms may have been operating to limit intake (Baile 
1979). A favorable energy balance in these animals was apparently 
regulating forage intake during the wet season. However this supposi-
ti on can only be suppor t ed by estimates of digestible energy intake. 
Animal weight responses were graphically depicted to aid interpreta-
tion o f the intake data (Figure 3 .2). The largest weight losses 
oc c urred from October to December, when animals were apparently 
defi c ient in d ie tary e nergy (Chapter II). Voluntary intake values 
during these months f or both sheep and goats were over 2% of BW. During 
the wet season animals responded with large increases in body weight, 
yet as noted above, the average forage intake of goats and sheep was 
1.6% and 2% of BW, respectively. 
Grazing animals during the dry season were apparently able to 
compensate for reduced quantity of forage available (Chapter I) by 
increasing grazing time, thus maintaining intake during the late dry 
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season. However the energetic cost of grazing activity and the 
apparently low amounts of digestible energy in the forage (Chapter II) 
resulted in major weight losses by both sheep and goats. 
Conversely, animals demonstrated substantial weight gains during the 
wet season. Weight responses and animal foraging activities indicate 
that, although organic matter intake may have been lower than during the 
dry season, digestible energy intake was apparently above animal 
requirements. 
Sample Size 
Numbers of required samples were calculated using the variance for 
fecal output. This procedure was justified because the variance of the 
2 
(- s_) mean associated with in vitro digestibility was several orders of 
n 
magnitude smaller than the variance associated with fecal output; there-
fore the variability from digestibility was ignored. 
Two other options are available to the investigator if ignoring the 
variability asso ciated with digestibility is problematic. Firstly, one 
may use approximation formulae to obtain the variance of a ratio (i.e. 
fecal output to diet digestibility). Secondly, one may express all data 
as: 
lnI = lnF - ln(1-D) 
where I is intake, Fis fecal output, Dis digestibility, and ln is the 
logarithm (base 10) of the individual data points. Thus, one may add 
the variances of the logarithms for fecal output and digestibility. The 
antilog of this variance will express the combined variability of fecal 
output and digestibility, and can be used in calculating sample size. 
CHAPTER IV 
USE OF THE FEEDING STATION CONCEPT TO EVALUATE 
HORIZONTAL FEEDING MOVEMENT BY GOATS AND SHEEP 
IN A FLUCTUATING FORAGE ENVIRONMENT 
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Environmental cues, both social and physical, are used by animals to 
orient themselves with respect to grazing cohorts and features of the 
landscape and vegetation. Body orientation is the active maintenance or 
change of positon in space (Jander 1973). Orientation may be viewed as 
a behavioral adaptation, either learned or evolved~ to various environ-
mental factors important to survival (Jander 1973). Jander (1973) 
classified all environmental factors that impinge on body orientation 
into two types: 1) resources, which promote survival; and 2) stress-
sources, which impede survival. From these two concepts Jander (1973) 
defined a third, orientation-fitness, which is an animal's capacity to 
minimize distances from life-promoting resources, as well as maximizing 
the distance to stress-sources. Orientation-fitness would then be 
closely related to environmental adaptation, and optimization of 
foraging time and energy (Pyke et al. 1977). 
All animal movements while feeding may be viewed as a continual 
orientation process, with a variety of external and internal stimuli 
producing movement both horizontally and vertically. Feeding orienta-
tion will be a continual feedback process, with various environmental 
cues leading to directed locomotion or changes in the direction of the 
body axis. The resulting postural changes will then lead to a new 
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stimulation pattern upon which the next oriented movement response will 
be based. This will be continued by the grazing animal until a goal is 
attai _ned (i.e. consuming food objects), or until the stimulus pattern is 
no longer effective (Alder 1970). 
Spatial heterogeneity of food resources and attempts by the grazing 
animals to decrease distances from desired food objects will exert 
substantial influence over horizontal movements (Novellie 1978). Such 
movements in a horizontal plane may be oriented towards specific food 
objects (Jander 1973, Eibt-Eibesfeldt 1970), in which the stimulus 
sources provide both a goal and a direction (Eibt-Eibesfeldt 1970). 
Iskander ( 1973) noted that grazing sheep oriented themselves towards 
specific shrubs and concentrated their grazing on herbaceous material on 
the periphery of these conspicuous shrubs. Also horizontal movement 
during grazing may be in response to resources that display horizontal 
distribution or gradation (Jander 1973). Such movement is termed zonal 
orientation (Jander 1973) , and the stimulus sources are not a goal but 
provide direction to the movement (Eibt-Eibesfeldt 1970). Owen-Smith 
and Novellie (1982) observed that over distances of 7-8 m, African kudus 
(Tragelaphus stepsiceros) used individual food objects for orientation 
and selection of the next feeding site. However at distances greater 
than this, kudus apparently used patches or clusters of plants for 
orientation. Thus, all grazing animals will be continuously orienting 
themselves according to distance and direction from food objects (Schone 
1973). The course chosen by the animal and the distance covered while 
moving without eating will determine the next feeding site. 
Arnold ( 1960, 1 964) maintained that grazing animals move horizon-
tally, but select food in a vertical plane. This restrictive view 
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(Hodgson 1982) may be true under some tame-pasture conditions, but may 
not apply under more complex environmental circumstances. Such circum-
stances may be exemplified by patchy environments where the vegetation 
complex is modified seasonally in form and spatial distribution of 
plan ts (Owen-Smith and Novellie 1982 ). 
Milne et al. (1979) stated that ungulate diet selection operates at 
two levels. One level is related to the choice of grazing site, and 
another is related to bite selection at a particular grazing site. 
Hodgson (1982) cited evidence for site selection at distances from a few 
meters to several kilometers. A concept termed "feeding station 
interval" (FSI) (Novellie 1978) provides the means to delineate and 
quantify aspects of site selection by grazing animals, and may also give 
insights into the object and zonal orientation of animals. The term 
feeding station originated with Goddard ( 1968) to describe the feeding 
movements of east African wildlife, and refers to the time spent eating 
at a hypothetical semicircle of forage within reach of the grazing 
animal both frontally and laterally, without the animal moving its front 
feet (Flores 1983). 
Novellie (1978) compared the foraging strategies of two African 
ungulate species through use of the feeding station concept. He found 
that in both species the overt foraging movements were correlated with 
seasonal changes in chemical and structural components of the vegeta-
tion. Flores (1983) used the feeding station concept to detect changes 
in the grazing strategies of Angus heifers grazing maturing crested 
wheatgrass pastures. In this uniform monoculture, he found little 
change in FSI during the growing season. 
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Plant species will vary seasonally in quantity and quality, under 
most environmental situations. These plant species and groups of 
species will also display various distributional geometries that add 
complexity to the foraging decisions made by grazing animals. Owen-
Smi th and Novellie ( 1982) characterized the "decision-train" confronting 
a foraging ungulate as 1) whether or not to begin feeding on the food 
plant immediately in front of it; 2) when to stop feeding on a 
particular plant; and 3) where to walk to begin the next feeding 
station. The quality and quantity of the forage on offer and the 
distributional pattern of food resources will influence foraging move-
ments (Owen-Smith and Novellie 1982). Thus radical seasonal fluctua-
tions in these vegetational attributes should be reflected in part by 
feeding station intervals of varying length (Novellie 1978). Novellie 
(1978) also related differences in FSI between animal species to 
foraging strategies and degree of selectivity while feeding. He found 
that the more selective feeders had shorter FSI because they accepted 
less forage at each feeding station. 
In the semi-arid tropical climate of northeast Brazil, the prevail-
ing weather patterns mean large seasonal fluctuations in the quantity, 
quality, and spatial distribution of the available forage to goats and 
sheep (Chapter I). Preliminary observations indicated that sheep and 
goats had different foraging movement patterns with a change in the 
forage biomass and mosaic. Thus the objectives of this study were to 
quantify the seasonal feeding station intervals of sheep and goats, and 
evaluate any existing relationship between FSI and the amount of forage 
available to the grazing animals. 
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Methods 
Details on the study area are given in Chapter I. The animals 
observed were native sheep of Crioula ancestry, and the goats were a 
mixed SRD (Sera Raca definida- without definite race or breed) type. The 
animals weighed approximately 25 kg at about 2 years of age when this 
study began. Three to six goats and an equal number of sheep were 
randomly selected and focally observed (Altmann 1974) during 6 study 
periods in October, November, December (before and after the rains began 
on Dec 21st), February, and May. Using an electronic stopwatch, 100 
feeding station intervals were quantified per focal animal. All obser-
vations were taken during the morning feeding period. Observations were 
also taken of the number of steps and the time spent walking between 
feeding stations. However these data were discarded because an 
inappropriate criterion was used to separate movement while foraging 
from travelling without foraging. 
The data from several periods were grouped with other periods to 
allow more appropriate analysis of seasonal differences. The resulting 
four periods were Oc--tober (mid-dry season), Nov.-Dec. 15 (late dry 
season), Dec. 23-Dec. 30 ( very early wet season) and Feb.-May (wet 
' 
season). Histograms relating animal species and various frequency class 
intervals were constructed. Chi-square analysis was used to test for 
independence between animal species and the probability of a behavioral 
event falling into one of these frequency class intervals. 
Details of measurements of the forage available are given in Chapter 
I. Significant correlations between FSI and forage available were 
determined according to Steel and Torrie (1960). 
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Results 
Feeding Station Intervals 
Periodic FSI for goats and sheep are illustrated in Figure 4.1. 
During the dry season FSI of goats and sheep were nearly identical. 
Soon after the onset of the rainy season on Dec 21st, the mean FSI of 
sheep declined to about 4 s, while goats continued with FSI near 8 s. 
Later in the wet season during February, FSI for goats increased to 14 
s, while sheep returned to FSI of 8 s. In May the FSI for goats 
increased to 30 s, when the forage was near the probable maturation 
peak. Sheep exhibited no change in the length of FSI from Feb. to May. 
FSI during the mid-dry season were independent of animal species 
(Figure 4.2). This lack of a statistically significant difference 
(P>.75) indicates that FSI for sheep or goats had a nearly equal 
probability of occurrence within each class interval, thus little 
difference can be seen in the shape of the histogram (Figure 4.2). This 
same pattern was also true in the late dry season (Figure 4.3). The 
percent probability of FSI occurring in a particular class interval was 
the same for sheep and goats (P=.95). Shortly after the onset of the 
wet season, large differences emerged between sheep and goats (P<.0001) 
(Figure 4.4). Sheep greatly increased the use of very short ( <4 s) FSI, 
while goats altered FSI only slightly. As the wet season progressed, 
sheep returned to the pattern of FSI shown during the dry season (Figure 
4.5), and goats markedly increased the use of long (> 20 s) FSI 
(P<. 0001). 
Forage Available 
Results of the vegetation sampling to determine forage available are 
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given in detail in Cha pter I. There was a significant correlation 
(r=.73) between FSI for goats and total available forage (Table 4.1). 
However no such correlation was found for sheep (r=.25). Separation of 
available forage into browse and herbs resulted in a significant 
correlation between FSI for goats and the amount of herbaceous material 
present (r=.61 ). FSI for sheep was significantly correlated with the 
amount of browse material present (r=.58) (Table 4.1 ). 
Discussion 
Few differences emerged during the dry season in the FSI of goats 
and sheep. Both were eating large amounts of leaf litter, the dominant 
component of availahle forage (Chapter I). Al though the data show 
similar horizontal movement patterns for goats and sheep, observations 
indicated some differences that may have been detected by appropriate 
measurements of movements between stations, had valid criteria been 
employed. Sheep were more variable in their FSI although mean FSI were 
similar to goats. At times sheep grazed in a very "frantic" manner, 
displaying short FSI and covering great distances while grazing each 
day. This frenetic feeding behavior was noticable while grazing where 
there were small amounts of leaf litter, and that litter was dominated 
by an invader tree species, Croton hemiargyreus. Upon reaching areas 
dominated by the trees Auxemma oncocalyx, Mimosa caesalpinifolia and 
Caesalpinia pyramidalis, where large amounts of leaf litter were 
present, sheep would perceptibly slow their feeding pace and show 
relatively long FSI ( e.g. > 10 sec.). Goa ts, on the other hand, 
displayed less variability in their FSI and were influenced less by the 
type of forage immediately on offer. While foraging through areas 
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dominated by Croton hemiargyreus, the goats consumed this or other 
available plant species, especially the annual vine Ipomoea spp., at a 
steady pace, while sheep tended to "rush through" these areas to others 
of higher leaf litter concentration. 
The onset of the rainy season in late December produced within 36 
hours a multitude of newly germinated annual forbs and grasses, and a 
flush of foliar growth on the trees. Sheep responded to this green 
growth by significantly decreasing FSI as they moved rapidly through the 
caatinga eating the young forbs and grasses. Many feeding stations in 
the early wet season were one-bite stations as the sheep ate while 
moving. Owen-Smith and Novellie ( 1982) assumed that ungulates do not 
move and eat simultaneously, but such was not the case here. Goats 
altered their movement patterns only slightly as they principally 
browsed on the tree foliage (Chapter I). 
Maturation of the vegetation compJ:etely altered the chemical and 
physical structure of t he feeding environment (Chapters I and II). The 
annual forbs grew to over 2 min height from January to May, and became 
highly lignified. These plants were very dense, and projected into the 
vertical space of forage available for foraging bipedal animals. Thus, 
goats greatly increased FSI during the wet season. Goats used a bipedal 
stance during about 10% of their feeding time (Chapter V) to browse on 
the tree foliage and graze the nearby annual plant tops. Many of the 
FSI of> 20 s were from a bipedal stance. During most of the wet season 
sheep returned to a movement pattern very similar to the dry season. 
They stripped the lower leaves off of the annual plants and the tree 
species, and consumed large quantities of grass. 
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The significant correlation between FSI for goats and the total 
amount of forage available, and the amount of available herbaceous 
material indicated the responsiveness of goats to the large biomass of 
annual plant material. Trees were used for support as goats used a 
bipedal stance to graze the presumably less lignified tops of the annual 
forbs. The use of this posture apparently accounted for the long FSI. 
The lack of correlation with the amount of browse may reflect the low 
abundance of acceptable forage from the trees, dominated as they were by 
the unpalatable tree specie~ Auxemma oncocalyx (Chapter V). 
FSI for sheep were significantly correlated only with the amount of 
browse material on offer (Table 4.1). This weak though significant 
(P<.05) correlation may be due to the large amounts of leaf litter ( in 
the dry season) and tree foliage (in the wet season) available when 
sheep were maintaining FSI near 8 s. In the early wet season period, 
when little browse was available, sheep also reduced FSI. 
relationship appears coincidental and not very meaningful. 
This 
Novellie (1978) stated that shorter FSI for African springbok 
(Antidorcas marsupialis) than for blesbok (Damaliscus dorcas phillipi) 
suggests less acceptance of the available forage, and a higher degree of 
selectivity of springbok for food i terns of high nutritional quality. 
Van Soest (1982) has stated that goats are more selective feeders than 
sheep. Novellie (1978) felt that lower FSI indicates greater selection 
for plants of higher nutritional quality. Data from this study do not 
support Van Soest's (1982) statement that goats are more selective. 
Overall, the longer FSI for goats and the lower quality of plant 
material accepted by goats (Chapter II) in the wet season indicate that 
sheep actually accepted less of the forage available, and were more 
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Table 4.1. Correlation coefficients (r) between total forage available 
(kg/ha) or available browse or herbaceous material and FSI for goats and 
sheep over all seasons. 
Total forage 
available 
Browse 
Herbaceous 
,.!Significant at P<.05, n=17 
Significant at P<.01, n=18 
Goats 
** 
-728 
• 421 
.609 ** 
Sheep 
.247 
* • 581 
-.073 
discriminating in their feeding choices than were goats. The 
differences in FSI in the wet season indicate different orientation 
strategies for sheep and goats. Sheep showed less flexibility in their 
dietary selections, and moved at a very rapid pace while grazing and 
browsing. Goats, on the other hand, demonstrated more flexibility in 
their selection of food i terns, and foraged at slower and more constant 
pace than did sheep. 
Are these differences in feeding patterns important in the adaptive-
ness of these animal species to this semi..:arid tropical environment? 
Presently it appears that they are not. Both goats and sheep are of 
comparable body size and have about the same nutrient requirements per 
unit body weight (Hanley 1982). Sheep and goats do differ in mouth 
parts (Arnold and Dudzinski 1978), and presumably in the ability to 
select for small leaves. Mouth mobility seems to be a minor considera-
tion in this type of caatinga vegetation. 
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Goats displayed characteristics of both browsers and grazers as they 
consumed the more lignified tree foliage (McCammon-Feldman et al. 1981) 
and also the annual grasses and forbs (Malechek and Leinweber, 1972a). 
Sheep also defied distinct categorization by grazing early in the wet 
season, but also browsed to a large extent as the wet season progressed 
(Chapter I). Apparently tropical hair sheep and goats are very well-
adapted to their environmental milieu, and characterizations based on 
data from species adapted to temperate climates (e.g. fine-woolled 
sheep) probably will not apply (Chapter I). 
This preliminary study and others (Flores 1983, Ruyle 1983) indicate 
the . promise of the feeding station concept for future work. The first 
step in the analysis of any orientation response such as feeding site 
selection and animal movement is identification of the stimulus sources 
producing the response (Hinde 1 966). I have assumed in this study that 
changing vegetational attributes are responsible for many of the changes 
in body orientation and movement (Novellie 1978). Iskander (1973) 
attempted to test his postulate that sheep oriented towards conspicuous 
shrubs by placin g boxes in the pasture to test the orientation of sheep 
to these objects. Sheep did indeed orient towards these boxes in 
Iskander's ( 1 973) study. 
It is well established that grazing animals prefer leaf to stem and 
green material over dry (Arnold and Dudzinski 1978). The use of feeding 
stations appears to offer a means to determine at each chosen feeding 
site the relative importance of vegetational characteristics on site and 
bite selection by grazing animals. Feeding stations may also offer some 
means for clarifying the role of senses such as vison (Arnold 1966, 
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Krueger 1970) and color (Dwyer et al. 1964) in dietary selection under 
more complex situations than have been attempted in the past. 
It is of great importance to determine the influence other para-
meters, both behavioral and physical, have on feeding behavior. Such 
influences as space between animals, maintenance of group cohesion while 
grazing (Owen-Smith and Novellie 1982), individual body orientation 
within a group (i.e. angular relationships, Crofton 1958), and the 
"drive state" (Hinde 1966) of an animal (e.g. hunger) will all affect 
feeding site selection and FSI. The use of the spacial and temporal 
qualities of the feeding station concept appears to offer the creative 
researcher the opportunity to unravel some of the complex plant-animal 
relationships involved in the feeding process. 
For example, insights gained into distances over which feeding 
animals use specific food objects or gradations in food resources for 
body orientation and movement to the next feeding site may have 
important managerial considerations. Manipulation of the existing 
vegetation complex according to those stimulus sources most important 
for orientation and movement and eventual feeding site selection may 
improve animal performance, especially under intensive grazing systems. 
Knowledge about interactions between animal movement and feeding site 
selection, and vegetational parameters, social influences, stocking 
rates and animal density, and other factors such as size and shape of 
pasture may allow further refinement in grazing management practices and 
increased productivity. 
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CHAPTER V 
BIPEDAL FORAGING BY GOATS: IS IT AN ADVANTAGE OVER SHEEP? 
The widespread belief that goats occupy a special niche for food and 
fiber production in areas of the world where other livestock species may 
not survive (French 1970) has received little scientific inquiry 
(Malechek and Provenza 1981 ). Goats appear to have the widest 
ecological adaptation of any domesticated ruminant species (Epstein 
1 965 ). Several reasons have been put forth for this tenacious 
survivability, including nimbleness of body (Devendra 1974; Campbell et 
al. 1962), and agility ( McCammon-Feldman et al. 1981 ). One example of 
such nimbleness is standing on the hind legs to forage. This feeding 
posture, termed a bipedal stance, is thought to be a most important 
characteristic of goat feeding behavior (McCammon-Feldman et al. 1981). 
All animals must co nstantly maintain or change positions in space. 
Strato-orientation, which is the self controlled vertical movement of an 
organism across strata in a particular habitat (Jander 1973), is 
exhibited in life-forms as diverse as zooplankton (Fraenkel and Gunn 
1940) and apes (Fleagle et al. 1981 ). However, the importance of 
strato-orientation in ruminant feeding behavior has only been speculated 
upon. 
Arnold (1960, 1964) felt that animals travel horizontally but select 
food vertically. Though Arnold's view appeared unduly restrictive to 
Hodgson (1982), several other studies have noted a tendency for animals 
to vertically stratify their grazing. McCammon-Feldman (1980) observed 
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the use of a bipedal stance by goats while feeding. In a Tunisian 
study, Crocker-Bedf ord and Crocker-Bedford (1977) noted that, with sheep 
and goats grazing together, the goats tended to graze the tallest plants 
while sheep grazed the shorter ones. Skinner (1976) reported that on 
South African rangelands, the main "feeding line" of goats was at a 
higher level than for sheep, which fed closer to the ground. Wilson et 
al. (1975) stated that sheep rarely browsed above 1 m, while goats fed 
to a height of 2 m, I n a separate Australian study, Wilson et al. 
(1976) found that sheep browsed one shrub species to a height of 1.5 m, 
and goats browsed to 2 m. Harrington (1980) reported heavy browsing by 
goats on a number of Australian shrubs up to a 2m height, but sheep only 
moderately browsed one of these same shrubs. The height to which sheep 
browsed was not given. 
Anatomically it is possible for sheep to use a bipedal stance, 
I 
because rams leave their front feet to mate. However, I am aware of no 
studies describing the use of a bipedal stance by sheep while feeding. 
Anecd o tal observat i ons indicating that goats are very agile feeders, 
perhaps more so than other domesticated ruminants, especially sheep, are 
not satisfa c tory because of the lack of quantification. If goats are 
more agile and active, than sheep, for example, to what extent? There is 
also a need to relat e information on feeding behavior to some causal 
factors, be they evolutionary or ecological. 
Does the manner in which goats orient themselves in vertical space 
give them an advantage nutritionally over sheep? If so, these 
advantages may include an increase in the quantity (biomass) and quality 
(increased protein and decreased fiber) of forage available above the 
browsing reach of sheep, if the material were palatable to goats. These 
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conditions then may present a greater opportunity for goats to 
selectively graze a higher quality diet, and increase daily feed intake. 
The objectives of this part of the study were to quantify the 
proportion of grazing time spent by goats and sheep in predefined 
vertical strata, including a bipedal stance, to determine if goats were 
more active than sheep in their use of vertical space while feeding, and 
to evaluate whether goats gain a nutritional advantage over sheep by 
bipedal feeding. 
Methods 
Details about the study area are given in Chapter I. The vertical 
grazing space of goats and sheep was divided into four predefined 
strata, hereafter termed grazing states: 1) grazing near ground level 
(within about 5 cm), 2) grazing above ground level to the top of the 
animals' withers, 3) grazing above wither height with the front feet on 
the ground, and 4 ) foraging while in a bipedal stance. Focal animal 
sampling (Altmann 1974) was used during three sample periods in the mid-
dry season (Sept-Oct, 1981) late dry season (Nov-Dec), and the wet 
season (Jan-Apr, 1982). A Datamyte 1002 Data Collector (Torgerson 1977) 
with time functions was used to quantify grazing state changes of 
individual animals during the morning feeding period. Typical data 
entries are illustrated in Table 5.1. 
Animals to be focally observed were randomly selected. Because of 
difficulty in locating animals in the dense caatinga, numerous observa-
tions were taken on relatively few animals. Approximately 5000 seconds 
of data were collected from each of three to five sheep or goats each 
sample period. 
Table 5.1. Typical*data entries as recorded by the Datamyte 
1002 Data Collector, with corresponding data on grazing 
state and duration of each behavioral state (sec.). Time 
was recorded and incremented automatically by the machine 
with each stroke of the keyboard. 
* Datamyte 
Typical 
Data Entries 
2, 00000 
1, 00018 
2, 00026 
1, 00039 
2, 00043 
3, 00051 
4, 00078 
3, 00101 
1002 Data 
Grazing Duration 
State (sec.) 
2 18 
1 8 
2 13 
1 4 
2 8 
3 27 
4 23 
3 
Corporation, 14960 
Collector manufactured by Electro General 
Industrial Road, Minnetonka, MN, 55343. 
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The woolless native sheep were of Crioula ancestry, and the goats 
were a mixed SRD (Sem Raca definida- without definite race or breed) 
type. The animals weighed about 25 kg at about 2 years of age when the 
study began. 
Available forage was inventoried by first dividing the vegetation 
into two vertical strata, the first extending from 0-115 cm in height 
(S-1), the upper grazing limit of both goats and sheep not using a 
bipedal stance. A second stratum (S-2) extended from 116-160 cm in 
height, the effective feeding range of animals using a bipedal stance. 
Then available forage was quantified by the method described in 
Chapter I. Briefly this entailed clipping herbaceous vegetation and 
collecting leaf litter from randomly placed .5-x .6-m quadrats, and 
stripping all leaves in S-1 and S-2 from the trees. The harvested plant 
material was dried and weighed. 
Nutritional quality of the principle browse species was determined 
in the wet season by chemical analyses of hand-collected plant material. 
This material was separated for analysis according to origin in either 
S-1 or S-2. Analyses for nitrogen (N) and cell wall fiber were done. 
Nitrogen was determined using the macro-Kjeldahl procedure (Harris 
1967). Crude protein was calculated as N x 6.25. Cell wall 
constituents were assayed by the method of Goering and Van Soest (1970). 
The methods for determination of dietary selection and forage intake are 
given in Chapters I and III. 
Data reduction and statistical analyses were done using the 
statistical computing packages Minitab (Ryan et al. 1981) and Rummage 
(Bryce et al. 1980). Least squares analysis of variance was used to 
determine differences between animal species, and the protected LSD 
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procedure to make individual mean comparisons. The experimental design 
for the proportion of grazing time spent in each stratum was a factorial 
with animal species and strata as factors, with individual animals 
nested within species, and with repeated measurements. The experimental 
design for rate of grazing state changes, dietary selection and intake 
was a completely random design to compare the two animal species. 
Individual animals were nested within treatments and repeated measure-
ments were made on individual animals. 
Results 
Vertical Stratification of Grazing 
Goats used a bipedal stance significantly more (P<.05) than did 
sheep (Table 5.2). Throughout the study, I saw sheep use a bipedal 
stance on only four occasions. Thus, the amount of grazing time spent 
by sheep in a bipedal stance was nil. The proportion of grazing time 
spent by goats in a bipedal stance was lower than expected (4.3%). 
Sheep spent a significantly greater (P<.05) amount of time grazing 
within 5 cm of ground level (state 1) and grazing to wither height 
(state 2) than did goats, due to dietary selection for forbs or dried 
leaf litter (Chapter I). Goats, on the other hand, spent significantly 
(P<.05) more time than did sheep grazing above their withe rs (state 3). 
Analysis of variance revealed a significant (P<0.01) animal species by 
strata interaction over all three study periods (Appendix table 11). 
During the two dry season periods (Sept.-Oct. and Nov.-Dec.), the 
vast proportion of foraging by sheep was in the lower two strata (Figure 
5.1 ). Goat grazing (and browsing) was distributed unequally among the 
lower three states, principally in states 2 and 3. Only a very small 
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Figure 5.1. Proportion of grazing time(%) spent in each of 
four grazing states by goats and sheep. 
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Table 5.2. Proportion (%) of time spent in each grazing state by goats 
and sheep, averaged over all seasons. 
State Goats Sheep 
17.aa* 36.2c 
2 41 .7b 57 .5c 
3 36.2ab 6.2d 
4 4.3c o.1d 
*Means in the same row or column not followed by a common letter are 
significantly different (P<.05). 
amount of time was spent in a bipedal stance (Figure 5.1 ). Goa ts 
altered their allocation of time to states 2 and 3 as the dry season 
progressed, and spent more time feeding in the lower two strata. 
])uring the wet season (Jan.-Apr.) sheep were still feeding princi-
pally in the lower strata, however about 12% of their grazing time was 
spent reaching above their withers (state 3). Goats fed in the middle 
layers at this time, but also increased the use of a bipedal stance to 
nearly 10% of their grazing time. 
Rate of Grazing State Changes 
])uring the mid-dry season period, goats changed grazing states more 
often than did sheep (P=.26) (Table 5.3). This was also the case during 
the late dry season (P=.29). In the wet season sheep slightly exceeded 
goats in rate of state changes (P=.58). No significance can be ascribed 
to these slight differences. The sample period by animal species inter-
action was not significant, again reflecting the lack of differences 
betw ieen sheep and goats each period (P=.24) (Appendix table 12). 
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Table 5.3. Grazing state changes per minute for goats and sheep during 
the three study periods. 
Period 
Mid-dry season Late dry season Wet season 
Goats 9.3a 8.8a 6.5a 
Sheep 6 .2a 7.6a 
*Means in the same column followed by a common letter are not 
significantly different. See text for probability levels. 
Quantity and Quality of Forage Available 
The marginal quantity of dry season forage available only to bipedal 
animals was very small (Tables 5.4 and 5.5) Throughout the dry season, 
dried leaf litter accounted for most of the available food; very little 
green or dried foliage remained on the deciduous trees (Figure 5.2). 
This leaf litter was quickly inco rporta ted in to the soil hum us at the 
onset of the r a iny season (Jan.). 
Rapid plant growth in the wet season produced an abundance of forage 
in the lower vegetation layer (S-1). Herbaceous material contributed 
the most to this available forage, and only late in the wet season did 
the quantity of tree foliage in S-2 begin to match that of the 
h erbaceous component in S-1. Throughout the wet season, the amount of 
tree foliage available to a height of 115 cm was relatively minor. 
Considering that very small amounts of tree foliage were present in 
either S-1 or S-2 during the dry season, chemical analyses were done 
only on leaf litter ( Chapter I). Average wet season values for fiber 
and crude protein are given in Table 5.6 for the four major browse 
s,pecies. 
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Figure 5.2. Available browse (kg/ha) in two vegetation 
layers. Stratum 1 extended from a height of 0-115 cm, 
while stratum 2 extended from 116-160 cm in height. 
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Table 5.4. Quantity of forage available (kg/ha) in two vertical 
vegetation strata. 
Aug Oct Dec Jan Feb Apr 
Stratum 1* 
Leaf litter 1500 445 462 0 0 0 
Herbaceous 156 62 0 176 506 558 
Browse t t t 37 37 134 
Subtotal 1656 507 462 213 543 722 
Stratum 2 
Browse 3 t t 82 119 511 
t =Trace< 1.0 kg/ha 
*Stratum 1 = 0-11 5 cm above ground height; Stratum 2 11 6-1 60 cm 
above ground height. 
Table 5.5. Biomass (kg/ha) of 4 major browse species subdivided into 
two vegetation layers in the wet season (see text for explanation). 
Jan Feb Apr 
Pau branco S-1 31 • 6 32.2 132.8 
S-2 63.8 1 oo. 3" 502.2 
Sabia S-1 1 • 0 .02 • 01 
S-2 7.5 2.4 4.3 
Catingueira S-1 3 .9 4.6 1.3 
S-2 9.4 17 .3 5.4 
Mororo S-1 0. 1 .04 o.o 
S-2 1.1 0.7 0.2 
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Table 5,6, Cell wall content (CWC) and crude protein content (CP)(%) 
for four major tree subdivided into two vertical strata during the wet 
season. 
ewe CP 
Mororo S-1* 47.0 22 .1 
S-2 51.4 19.7 
Sabia S-1 54.3 18.0 
S-2 56.6 18. 7 
Pau branco S-1 63. 1 19,8 
S-2 64,3 19.0 
Catingueira S-1 45.2 17. 5 
S-2 46.2 18.0 
*S-1 = lower vegetation stratum 0-115 cm; S-2 = upper vegetation 
stratum 11 6-160 cm. 
Dietary Selections and Intake 
The dry season dietary selections of goats and sheep were very 
similar (Chapter I). A ranking of the most important plant species 
revealed that essentially the same species were major contributors to 
diets of both sheep and goats during the dry season periods (Chapter I). 
In contrast, dietary selections in the wet season were substantially 
different. Goats selected large amounts of several browse and forb 
species, while sheep mainly selected for large amounts of grass. Sheep 
also ate a somewhat different variety of forbs than did goats. 
The quality and quantity of ingested material, evaluated in terms of 
crude protein (CP), cell wall content (CWC), and organic matter intake 
(OMI) was also very similar for sheep and goats during each period 
(Tables 5.7 and 5,8). Sheep ingested a substantially greater amount of 
forage (as a% of body weight) than did goats during the wet season 
(Table 5,8). 
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Table 5.7. Dietary values (%) for crude protein (CP) and cell wall 
content (CWC) for sheep and goats in months corresponding to the 
behavioral sampling periods. 
Oct Dec Feb Apr 
CP ewe CP ewe CP ewe CP ewe 
Sheep 13.3 51.0 12.2 49.9 16.8 37.2 17 .1 37. 2 
Goats 12.6 53.3 12. 1 50. 5 17 • 9 36 .1 17. 6 39. 9 
Table 5.8. Mean daily organic matter intake (OMI) expressed as a% of 
body weight for the three behavioral sampling periods. 
Sept-Oct Dec Jan-Apr 
Sheep 2.0 2.0 
Goats 2.0 2.3 1 • 6 
Discussion 
Vertical Stratification of Grazing 
Results are consistent with the hypothesis that goats spend a 
greater proportion of grazing time in a bipedal stance than do sheep. 
Several researchers (McCammon-Feldman et al. 1981, French 1970) have 
commented on the significance of this grazing posture for the ecological 
adaptation of goats. However, this is the first study to quantify and 
contrast the use of a bipedal stance by goats and sheep. 
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Two principal findings emerged. The first was the relatively 
limited use by goats of a bipedal stance (even though significantly 
greater than for sheep). Secondly this study confirmed the vertical 
stratification of grazing by goats and sheep. 
No studies have attempted to determine the energetic cost of 
postural changes from a quadripedal to a bipedal stance, in comparison 
to remaining in quadripedal motion. Extrapolation from studies on the 
energetic costs of bipedal vs. quadripedal motion is difficult. 
However, the energetic costs of these movements are apparently similar 
(Taylor and Rowntree 1973), even for animals of quite different limb 
configurations (Taylor et al. 1974). Intuition suggests a higher cost 
for rapidly and repeatedly changing postures (from a quadripedal to a 
bipedal stance) than for remaining foraging in a quadripedal stance, 
because of the energetic cost of stopping then starting limb movements 
(Taylor et al. 1974). Of course, this will depend greatly upon how 
often the body posture is changed and the nutrient reward from use of a 
bipedal stance. In situations of high nutrient density in the upper 
vegetation layer, when bipedal animals can acquire large amounts of 
nutritious forage, and remain for considerable periods of time (i.e. > 1 
or 2 minutes) in a bipedal stance, it may be energetically advantageous, 
quid pro quo, to make extensive use of the bipedal posture. 
Presumably, the primary function of changes in strato-orientation by 
goats and sheep is the direct approach of resources (Jander 1973), or 
the increased stimulus provided by orienting towards objects (i.e. food 
sources) encountered in a postural change (Eibt-Eibesfeldt 1970). 
Avoidance or detection of stress-sources (Jander 1973), whether thermal 
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or predatory, is probably not an important determinant of strato-
orientation during active feeding periods. 
In the deciduous shrub-woodland that I studied, the browse species 
lost their leaves rapidly after the end of the wet season, and 
relatively little forage remained available in the upper stratum. 
Conceivably, goats would advantageously use a bipedal stance only if the 
amount of palatable (or acceptable) forage in the upper stratum was 
greater in quantity or quality than that in the lower stratum. Since 
neither the quantity nor quality of plant material available only to a 
bipedal animal was a significant improvement, when contrasted to the 
lower vegetation layer, limiting the use of a bipedal stance during the 
dry season is a practical foraging strategy. Optimal foraging theory 
(Pyke et al. 1977) predicts that the foraging strategy of an ungulate, 
such as a goat, will be an optimization of energy and time. Given the 
dry, fibrous forage on offer during the dry season, grazing time may 
have been constrained by the time required for rumination of such forage 
(Owen-Smith and Novellie 1982, Van Soest 1982). Indeed, during the dry 
season both goats and sheep either grazed or ruminated during virtually 
all daylight hours, leaving the corral to graze at first light and then 
alternating grazing and ruminating during the entire day_. These animals 
were also forced to graze several hours during the night, presumably to 
maintain digestible energy intake. 
Why did goats make greater use of a bipedal stance in the wet 
season? The answer seems clearly to be the goats preferences for a few 
tree and tall ( > 2 m) forb species, and the increased opportunity that 
existed to employ several unique feeding habits, termed resource 
manipulation. These manipulative actions included using the front legs 
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to pull branches within reach; prehending branches with the mouth, then 
working the mouth down the branch, eating leaves as encountered; 
"pushing off" from a bipedal stance, and using the downward momentum to 
straddle neighboring forbs or saplings; pushing over young saplings used 
for support while in a bipedal stance, simply by walking ahead with the 
hind legs; using the underjaw and neck to mash branches within browsing 
reach (often breaking them in the process). Other animals in the herd 
apparently profited from such manipulation by a particular individual as 
they would rush to join in feeding upon broken branches and bent-over 
saplings. My observations indicated that few of these actions were 
frequently used in the dry season. However, during the wet season the 
entire repertoire of manipulations was frequently observed. 
Goats exhibited a clear preference for leaves of some tree species 
and avoided others. Even though the quantity of tree leaves available 
to a bipedal animal was much greater than that to a quadripedal animal 
during the wet season (Table 5.4), the majority of this foliage was 
Auxemma oncocalyx (Table 5.5). This species was rarely selected by the 
animals (Chapter I). Thus, the increase in quantity of a few preferred 
and highly palatable tree species, and the selection opportunities 
offered through resource manipulation of neighboring forb and tree 
species, apparently account for the greater use of a bipedal stance by 
goats during the wet season. 
Both goats and sheep vertically stratified their grazing (Arnold 
1960, 1964). Sheep grazing was highly concentrated in the lowest two 
strata during both the wet and dry seasons. In all periods, sheep spent 
a greater proportion of time grazing in stratum 2 (above ground level to 
wither height) than in the other three predefined strata. This follows 
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closely with the dietary selections made by sheep for leaf litter and 
herbaceous material. Only during the late wet season did sheep show a 
propensity to feed overhead in statum 3, as they selected substantial 
amounts of tree foliage. Leaves were taken up to a height of 115 cm. 
Goats were more variable in their allocation of grazing and browsing 
time to various strata. Generally they fed in the middle two strata. 
Selection in the dry season for substantial quantities of jitirana 
(Ipomoea spp.), a climbing annual vine, was responsible for much of the 
feeding by goats in these middle strata. In addition, goats selected 
both green and dry foliage of the marmeleiro (Croton hemiargyreous) 
tree. An ephemeral rainshower in Au~ust prompted leaf growth in 
marmeleiro which persisted on the trees until December. The slender 
marmeleiro trunks and branches were easy targets for manipulation by 
goats. 
At times during the dry season, selection by goats for leaf litter 
led to substantial use of the lowest stratum. Thus the vertical strati-
fication of feeding by goats .was closely tied to the physiognomy of the 
available forage. Goats exhibited substantial flexibility in strato-
orientation as environmental forces shaped the vegetation. Sheep 
appeared to be more inflexible in their use of vertical space and made 
fewer adjustments in their strato-orientation as the forage milieu 
changed seasonally. 
Rate of Grazing State Changes 
The lack of statistically significant differences between sheep and 
goats in the rate of grazing state changes was due in part to numerous 
observations being made on few (3-5) focal animals each period. Goats 
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were slightly more active in the dry season. Their rate of grazing 
state changes decreased in the wet season as the use of a bipedal stance 
increased. Sheep maintained a nearly constant level of movement among 
strata during all three periods. While sheep were mainly shifting 
between states 1 and 2, goats were moving among states 1,2 and 3. 
French ( 1970) and McCammon-Feldman et al. ( 1981) commented that goats 
were generally more active feeders than other ruminants. They may have 
been referring only to horizontal walking and feeding activities, as was 
du Toit (1972). No reference in the literature specificically mentions 
the vertical activity of goats and sheep. This study shows little 
difference between goats and sheep in vertical movement rates while 
feeding, although findings are constrained by the deciduous habit of the 
major tree component making the dietarily important fallen leaves 
equally available to both animals. 
Bipedal Stance an Advantage for 
Goats Over Sheep? 
The quantity of forage available only to an animal foraging from a 
bipedal stance was very limited during the dry season. Nearly all of 
the palatable tree species are deciduous, and shed their leaves during 
the first few months of the dry season. Foliage of the few evergreen 
tree species was essentially out of reach even to a bipedal animal. 
There was no discernable advantage in dry season forage biomass for a 
bipedal goat, given the large amounts of available leaf litter, and the 
very minute quantities of overhead browse within reach of the goats. 
In contrast, there was a substantial amount of forage available in 
the upper vegetation stratum during the wet season. However the 
majority(> 80%) of this was foliage of the pau branco tree and was 
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apparently not acceptable to the animals. They selected very little pau 
branco from either the upper or lower stratum. Thus a potential 
advantage for goats of greater forage biomass in the wet season was 
largely negated because of the low acceptability of the material. 
There was only a very slight difference in the fiber (CWC) or 
protein (CP) in the two vegetation layers. No analysis was made of 
herbaceous material in each stratum because, based on the previous 
year's scanty wet season, I was unaware that several major forb species 
would eventually exceed the 115 cm boundary height. This was most 
unfortunate as quality differences may well have been found. The top 
portions of the tall forbs seemed highly attractive to goats. 
Dietary overlap between goats and sheep was nearly complete during 
the dry season. Contrary to speculations, goats were not able to select 
a higher quality dry season diet than were sheep. In contrast, ample 
opportunities for selection in the wet season led to more diverse diets. 
Sheep seemed to particularly relish the annual forbs and grasses, while 
goats browsed a great deal. Given the lack of nutritionally-superior 
forage and the small amounts of acceptable browse in the upper-most 
stratum, goats were not apparently differentially rewarded for the use 
of a bipedal stance. 
The favorable advantage in daily feed intake for sheep may have been 
due to methodological problems with the digestibility determinations 
(Chapter II) and may not have been real. If animal weights are used as 
an indicator of actual digestibl~ energy intake, then goats and sheep 
appear to be equally well-adapted to this environment (Chapter III). 
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Use of a Bipedal Stance by Sheep 
This study is the first to document the use of a bipedal stance by 
grazing sheep. However, this posture was very rarely used, and is 
insignificant in the overall grazing strategy of sheep. However the 
question remains, if sheep can use a bipedal stance, why don't they? 
Close scrutiny of the behavioral feeding characteristics of sheep and 
goats raised the possibility that phylogenetic changes in anatomical 
structure have rendered goats more able to use a bipedal stance than 
sheep. To investigate this possibility, a mature castrated sheep and 
goat of similar age (18 months), weight (30 kg), body condition, and 
life history (raised on adjoining ranges) were dissected and grossly 
examined. 1 The results are summarized in Table 5.9. 
Gambaryan ( 1974) stated that phylogenetic changes in locomotion in 
Artiodactyla can be traced to adaptation to different habitat types and 
modes of feeding. Thus, the mechanics of movement in present-day 
ungulate genera a·re a result of evolutionary specialization to environ-
mental conditions (Gambaryan 1974). Sheep and goats have developed 
similar movement patterns characterized in varying degrees by a 
reduction in speed and stamina and an adaptation to "one-time" jumps 
(saltatorial form) (Gambaryan 1974). The results of the dissection, 
limited though they may be, suggest that native SRD goats have developed 
an increased ability for flexion and extension in the front limbs. One 
can only speculate that anatomical developments such as these are in 
response to evolutionary selection pressures, and thus goats are able to 
11 thank Dr. Don Hansen, DVM, UC Davis, for generously giving of his 
time and talents to complete these dissections. 
Table 5.9. Summary of results from dissection of a goat and a sheep to 
grossly determine differences in muscular anntomy as related to feeding 
behavior, specifically the use of a bipedal stance by goats. 
MUSCLE 
Hind limb . 
~~~~-tensor fascia lata 
Forelimbflexi carpis ulneris 
flexi carpis radial.is 
extensor carpis ulneris 
radial.is 
Lip caninus 
COMMENTS 1. 
More fl.acid in goat, less tension than in 
sheep . 
Sheep muscles have more divisions than do goat. 
Less aapability for extension in sheep than in 
goat . . 
Very thick tendon attachment in the goat, more 
diffuse in sheep. Gives goat much more power. 
Less tendonous, more developed muscle mass (depth) 
in goat than in sheep. 
Flexor and extension more developed in goat than 
in sheep. 
More tend9nous in goat, much greater ability for 
lateral and circular movement in goat than in sheep. 
1
comments and conclusions made by Dr. Don Hansen, DVM, UC Davis, while performing 
dissections on a sheep and a goat, May 24, 1982, CNPC, Sobral, Ceara', Brazil. 
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use their multi-faceted manipulative actions while feeding from a 
bipedal stance. 
Goats and sheep are apparently anatomically similar in their ability 
to actually stand up on the hind legs. However, goats have an advantage 
of increased mobility and power in the forelimbs once a bipedal stance 
is achieved. Gambaryan (1974) noted that animals that are adapted to 
similar habitats may display different abilities for limb movement. 
The results of the dissection indicate differences in the potential 
amplitude of movement in the forelimb of goats and sheep. Anatomically, 
the goat does not appear to be morphologically distinct in the rear 
limbs from a sheep. Forelimb musculature, and the lack of ability by 
sheep to manipulate the forage resource with the front legs could be 
important factors in the developmental history, and present non-use of a 
bipedal stance by sheep. 
Glutton-Brock (1981) suggested that Pleistocene competition between 
sheep and goats and ibex lead to sheep occupying a lower habitat on open 
rolling mountains and foothills. She also stated that goat development 
occurred in high mountain ranges. Gambaryan (1974) maintained that 
morphological differences bet ween ungulate species, resulting in 
different types of physical movement, are a result of the environments 
where they developed. One can speculate that goats developed greater 
power and range of movement in the forelimbs while developing in a 
rugged, arboreal environment. Sheep may have not developed in the 
forelimbs because such a morphological trait was not crucial to survival 
in a less rigorous habitat. 
A crucial first step in the examination of any orientation response, 
such as use of a bipedal stance, is identification of the stimuli that 
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produce the response (Hinde 1966). Intuition suggests that orientation 
is controlled or facilitated by neurophysiological parameters. The 
sensory stimuli that produce a response (bipedal stance) in goats rarely 
do so i n sheep. Since one or more cues capable of eliciting a response 
in goats apparently have no impact on sheep, sheep probably lack the 
appropriate neural stru c ture for effective response. Highly controlled 
and detailed behavioral and physiological studies of goats or sheep will 
be necessary to is olate the stimuli that produce orientation behavior, 
and determine the individual and combined strengths of such stimuli. 
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CONCLUSIONS AND RECOMMENDATIONS 
Dietary selections by goats and sheep were very similar during the 
dry season. Both animal species selected mainly dried forbs and leaf 
litter. The degree of dietary overlap and use of similar grazing space 
indicates potentially severe competition between goats and sheep for 
limited palatable forage during the dry season. Leaf litter from trees 
supplied crucial dry season forage; therefore, determining the long-term 
impacts of clearing caatinga woodlands on animal nutrition is very 
important. 
This study provided no support for the hypothesis that goats select 
a more nutritious diet or have a greater forage intake than do sheep. 
Dietary samples collected from goats were higher in crude protein and 
lignin, equal in cell wall content, and lower in digestibility than were 
samples from sheep. Voluntary intake was also lower for goats than for 
sheep. 
Crude protein levels show no evidence of deficiency for this 
nutrient at any season. This result, considered with findings on animal 
activity and weight responses, suggests a deficiency of digestible 
energy during the dry season. Research on energy nutrition and possible 
supplementation of grazing animals is needed. 
Length of feeding stations was independent of animal species during 
the dry season. Both goats and sheep had feeding stations of about 
eight sec. duration during this period. However, during the dry season 
goats significantly increased the length of their feeding stations to 
over 30 sec. Feeding stations for goats increased with maturation of 
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the vegetation, while sheep displayed relative constancy in length of 
feeding stations over time. 
Goats spent a greater proportion of grazing time in a bipedal stance 
than did sheep. However, the limited use of a bipedal stance by goats 
indicates that this behavioral posture does not confer a nutritional 
advantage to goats over sheep in this deciduous woodland. The presence 
of palatable and attainable evergreen foliage would presumably be 
necessary for goats to gain a nutritional advantage over sheep through 
bipedal feeding during the dry season. To test this hypothesis more 
generally, studies need to be done in regions where overhead green 
material is available during periods of nutritional stress. 
Both sheep and goats stratified their grazing space. Sheep grazed 
strata relatively close to the ground, while goats generally grazed in 
higher vertical strata than did sheep. 
The selective clearing of pau branco (Auxemma oncocaly~) is 
recommended. Al thoug h the dominant tree species, pau branco was not 
acceptable forage to goats and sheep during most of the year. Pau 
branco coppices readily after cutting, and observations indicate that 
the regrowth is more palatable to livestock than is the mature foliage. 
Selective clearing would reduce some competition among the native plants 
for light and moisture, and provide opportunities for the introduction 
or more palatable plant species. In addition, this clearing can be done 
with readily available labor, and sales of the pau branco lumber could 
provide cash benefits to landowners. 
The tree species sabia' (Mimosa caesalpiniaefolia), mororo' 
(Bauhinia forficata), and catingueira (Caesalpinia pyramidalis) should 
be, :>rotected from wholesale clearing. Foliage of sabia' and mororo' is 
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very palatable green or dry, and coppicing resprouts are heavily 
browsed. Leaf litter from both sabia' and mororo' was preferred during 
the dry season. The green foliage of catingueira is relatively 
unpalatable, but upon drying the leaf litter is highly preferred by 
goats and sheep. Catinguiera was the single most important forage 
species for sheep during the late dry season, and was very important 
forage for goats as well. 
The climbing annual vine, jitirana (Ipomoea spp.), was an important 
dietary constituent during the entire year. As dry forage, all portions 
of the plant were consumed including large amounts of stem and 
substantial quantities of fruits. Large amounts of this plant have been 
observed in open areas with reduced tree canopy cover. Anecdotal 
sources claim sporatic growth for jitirana from year to year. However, 
research into exploiting the several species of ji tirana as cultivated 
forage may be productive, and merits further consideration. 
This study gave no indication that goats were superior to sheep for 
grazing caatinga vegetation of the type found near Sobral. Given the 
necessity for tighter, more expensive fences for goats, raising goats in 
preference to sheep is not justified based on dietary selection, 
nutritive content of the diets, forage intake, or feeding behavior. 
However, other aspects of goat and sheep survivability need to be 
investigated, including water economy, resistance to starvation, and 
ability to forage over long distances. It is also important to continue 
this study over several years to better measure animal and vegetation 
responses over time and in response to the highly variable weather 
conditions characteristic of the Northeast. 
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APPENDIX 
Table A. 1. Botanical composition (%) of goa t and sheep diets durin g 10 sample periods. 
May June July August September 
sheep goats sheep goats · sheep goats sheep goats sheep goats 
Forbs 
Jitirana 43.6 71. 5 9.6 21. 3 32.9 71. 6 58.6 55.1 21.4 32.4 
Paco-Pace> 0.0 0.0 2.2 0.0 4.2 2.0 2.3 6.1 0.0 0.0 
Bamb. branco 0.0 0.0 0.0 0.0 0.4 0.9 2.8 3.2 1.1 7.6 
Bamb. verd. 1. 8 l. 6 0.3 0.0 0.0 0.0 0.3 1.0 1.4 o.o 
Bamb. russa. 0.0 · 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o.o 
Mariana 18.1 0.0 18.0 3.1 0.4 0.3 0.8 0.8 0.0 0.0 
Other forbs 8.8 3.8 8.8 3.9 0.1 0.5 7.0 0.0 2.3 0.4 
Total forbs 72. 3 76.9 38.9 28.3 38.0 75.3 71.8 66.2 26.2 40.4 
Browse 
Mororo' 7.4 5.5 21.4 42.6 48.9 9.4 14.6 22.6 31. 4 15.5 
Sabia' 8.6 12.4 10.3 14.6 5.1 2.6 3.7 1. 4 8.0 8.9 
Catingueira 0.3 0.0 0.4 0.0 0.8 3.1 1. 3 0.5 5.1 4.8 
Marmeleiro 0.0 0.0 0.2 0.0 0.0 0.0 1.0 0.9 18.3 13.8 
Mofumbo 0.1 1. 3 0.2 0.1 0.3 1.1 0.1 0.7 1.4 0.7 
Melosa 0.0 0.9 10.2 5.4 0.3 0.4 0.3 0.0 1. 0 1. 5 
Pau branco 0.4 0.6 0.0 0.0 0.2 0.1 0.1 0.1 1. 5 1. 0 
Other browse 2.9 1. 6 6.3 5.6 0.0 3.7 0.4 0.9 1.4 2.5 
Total browse 19.7 22.3 49.0 68.3 55.6 20.4 21.5 27.1 68.1 48.7 
Total grass 8.1 0.4 10.2 1.1 2.1 0.3 3.6 0.1 1. 9 0.6 
Unidentifiable 1.1 0.5 1. 7 1. 3 4.3 4.1 3.2 2 .1 4.8 10.3 
f-J 
N 
f-J 
Table A. l. (cont.) Botanical composition (%) of goat and sheep diets during 10 sample periods. 
October December January February April 
sheep goats sheep goats sheep goats sheep goats sheep goats 
Forbs 
Jitirana 16.3 23.2 17.6 21.9 21. 0 9.9 2.9 9.8 2.1 3.8 
Paco-Paco o.o 0.0 0.0 0.0 0.5 0.0 0.1 0.5 10.5 8.3 
Bamb. branco 0.3 0.1 0.2 O.J 8.0 1. 4 1. 4 0.6 4.8 25.8 
Bamb. verd. 0.1 0.0 0.2 0.3 0.0 0.0 2.0 0.5 0.8 4.4 
Bamb. russa. 0.0 0.0 0.0 0.0 0.0 o.o 28.4 13.6 o.o 0.4 
Mariana 2.0 0.6 0.8 0.0 9.5 0.8 5.6 0.6 1. 3 0.0 
Other forbs 0.6 0.4 0.1 0.1 16.1 12.4 4.8 9.0 10.4 6.6 
Total forbs 19.3 24.3 18.9 22.4 55.1 24.5 45.2 34.6 29.9 49.3 
Browse 
Mororo' 3.0 10.2 5.8 17.9 4.0 34.0 0.1 4.4 2.1 6.5 
Sabia' 12.0 12.0 7.5 7.3 1. 0 22.6 0.5 9.5 1.0 12.0 
Catingueira 27.8 22.l 38.1 22.3 0.6 5.6 0.0 0.0 0.0 0.0 
Marmeleiro 3.8 8.9 7.8 12.8 0.0 0.0 0.0 0.0 0.0 0.0 
Mofumbo 0.6 0.3 0.6 0.3 0.0 0.0 0.0 0.0 1. 4 12.8 
Melosa 3.9 2.0 1.4 3.6 1.4 1. 4 1.1 8.0 44.1 1. 9 
Pau branco 0.0 1.8 0.1 0.1 o.o 0.0 0.1 0.4 1. 8 1. 8 
Other browse 1.2 1. 9 3.7 3.4 3.4 3.5 0.3 4.5 7.1 10.8 
Total browse 52.3 59.2 65.0 67. 7 10.4 67.1 2.1 26.8 57.5 45.8 
Total grass 13,0 2.1 7.1 1. 8 33.4 6.1 51. 9 37.9 11.1 2.5 
Unidentifiable 14.5 14.4 9.0 8.3 0.9 2.4 0.9 0.8 1. 6 2.8 
I-' 
N 
N 
Table A.2. Biomass (kg/ha) of available herbaceous material during eight sample periods. 
May June July August Oct. Jan. Feb . April 
Jitirana 136.9 8.6 - - - 17.0 19.8 o.o 
Malva paco-paco 8.6 6.2 - - - 4.6 18.9 143.2 
Bamburral branco 41. 2 13.8 - - - 29.2 65.0 291.0 
Bamburral verdadeiro 0.1 o.o - - - 0.4 2.5 0.0 
Bamburral russarente 0.0 0. 0 - - - 57.9 199.2 0.0 
Mariana 34.4 4. 7 - - - 3.0 16.3 0.0 
Mistrato 0.0 0.0 - - - 19.0 80.0 0.0 
Ervanco o.o 0.0 - - - 3.8 22.4 0.0 
Cidrero bravo 14.8 3.4 - - - 1. 0 0.4 0.0 
Other forbs 33.2 26.0 - - - 23.8 43.5 102.4 
Standing dead( 2) (1) (1) 293.3 155.7 62.5 ( 1) (1) (1) 
Total forbs 269.2 62. 7 159.7 468.0 536.6 
Total grasses 7.0 1.0 9.3 22.7 12. 6 
Melo~a (3) 27.9 49.8 7.3 15.6 38.3 
Total herbaceous 
material 304.1 113.5 293.3 155.7 62.5 176.3 506.3 587.5 
1 Only live material was harvested. 
2All standing dead material was harvested. No species seperation was attempted. 
3A half-shrub (perennial) included with the herbaceous material. 
t-' 
N 
w 
Table A.3. Biomass (kg/ha) of available browse during nine 
sample periods. 
Foliage (l) 
Sabia' 
Pau branco 
Catingueira 
Hororo' 
Harmeleiro 
Hofumbo 
Total foliage 
Leaf litter (3) 
Sabia' 
Pau branco 
Cat ingue ira 
Mororo' 
Harmeleiro 
Hofumbo 
Others 
Total leaf litter 
Total browse 
• 
Hay 
12.5 
250.8 
1.0 
1. 5 
• 
265.8 
265 . 8 
June 
15.4 
192 . 1 
5.4 
0 .9 
213 . 8 
128.0 
16. 7 
6.0 
2.4 
0.1 
3.6 
1.0 
157.8 
371 . 6 
July 
0.1 
42.2 
8.8 
0.1 
51. 2 
271. 6 
515.8 
126 . 7 
8.9 
132 .2 
36.6 
28.2 
1120.0 
1171.2 
August 
307 . 6 
891. 7 
109.2 
2.9 
92. 3 
77 .4 
19.8 
1500.9 
1500.9 
Oct. 
0 . 8(2) 
1.4 
2.2 
36.8 
210 . 8 
49.4 
6.6 
90.0 
46 . 8 
4.4 
444. 8 
447.0 
Dec. 
36.0 
230.6 
62.2 
l. 6 
51. 3 
72. 6 
7.8 
462 .1 
462 .1 
Jan . 
8 . 5 
95 . 4 
13.3 
1.2 
• 
• 
118 . 4 
118 . 4 
Feb . 
2 .4 
132. 5 
21.8 
0. 7 
157.4 
157.4 
April 
4 .3 
635.0 
6 . 7 
0.3 
646. 3 
646. 3 
Only Sabia•. Pau branco, Catingueira, and Ho roro' were considered as potential forage . Marmeleiro 
and Hofumbo were considered as unacceptable lw.r~~gP. <luring these periods. 
1Heasured to a browsing height of 160 cm. :,neep were able to browse only to a height of 115 cm, 
hence a portion of the available browse as indicated above would be available only to goats. 
2Previous observations indtcated animals ~ere consuming variable amounts of Marmeleiro and 
Hofumbo . Pau branco was still available but was not consumed by sheep and goats. 
3 Determined by harvesting leaves in 50 x 6~ cm quadrats. 
f-' 
N 
~ 
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Table A.4. Analysis of variance for dietary 
leaf:stem ratios of goats and sheep. 
Source d. f. M.S. F 
Species 1 3.206 0.42 ns 
error (a) 24 7.588 
Period 9 63.182 7.55 * 
p x s 9 20.626 2.46 * 
error (b) 107 8.310 
Table A.5. Analysis of variance for dietary levels (%) of browse, 
grass, and forbs for goats and sheep. 
Browse Grass Forbs 
Source d.f. M.S. F M.S. F M.S. F 
Species 1 1198. 75 0.1 9ns 386.61 1.91Jns 2931.47 34.84* 
error (a) 24 6390.52 203.05 84.14 
Period 9 4544. 21 23. 83* 4246.45 20. 19* 2569.07 42.83* 
p x s 9 2239 .16 11. 74* 1288.93 6.13* 167.69 2.79* 
error (b) 107 190.69 210.23 59-98 
Table A.6. Analysis of variance for number of 
plant species in the diets of goats and sheep. 
Source d. f. M.S. F 
Species 1 20.167 1 o. 16* 
error (a) 24 47.625 
Period 9 24.958 7.88* 
p x s 9 11. 526 3.64* 
error (b) 108 3.168 
126 
Table A.7. Analysis of variance for crude 
protein content of goat and sheep diets. 
Source d.f. M.S. F 
Species 1 12.327 6.39* 
error (a) 24 1. 929 
Period 9 193.294 121.36* 
p x s 9 5.195 3.26* 
error (b) 102 1. 593 
Table A.8. Analysis of variance for neutral detergent fiber 
(NDF) and lignin levels in goat and sheep diets. 
NDF Lignin 
Source d. f. M.S. F M.S. F 
Species 1 20 .384 1 • 66ns 37.231 15.03* 
error (a) 20 12 .259 2.477 
Period 7 583.931 67.19* 64.479 18.12* 
p x s 7 6.085 O. 78ns 13 .146 3.69* 
error (b) 77 8 .694 3.559 
127 
Table A.9. Analysis of variance for in vitro 
digestibility of sheep and goat diets'-:-
Source d. f. M.S. F 
Species 1 813 .866 26.22* 
error (a) 22 . 31.042 
Period 7 358 .471 10.52* 
p x s 7 289.602 8.49* 
error ( b) 76 34 .07 8 
Table A.10. Analysis of variance for voluntary 
intake (% of body weight) of sheep and goats. 
Source d.f. M.S. F 
Species 1 1. 499 1 o. 38* 
error (a) 19 o. 145 
Period 7 4.068 84 .00* 
p x s 7 0.343 7.08* 
error (b) 1 01 0 .048 
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Table A, 11, Analysis of variance for proportion of (%) spent grazing per stratum for goats and sheep. 
Source d,f. M,S, F 
Genus 1 0.000342 >0.01ns 
Strata 3 7444,856 47,51* 
G X S 3 2595,554 16. 56* 
error (a) 56 156,685 
Period 2 .0005 >0.01ns 
P X G 2 .0005 >0.01ns 
p x s 6 120. 18 0.71ns 
error ( b) 6 169,764 
Table A,12. Analysis of variance for rate of 
grazing state changes for goats and sheep. 
Source 
Species 
error (a) 
Period 
p x s 
error (b) 
d,f. 
12 
2 
2 
2 
M.S. 
5,663 
4,860 
0,752 
4,299 
1, 393 
F 
1 . 16ns 
0, 54ns 
3,08ns 
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